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A B S T R A C T 
ABSTRACT 
The c h e m i s t r y of o r g a n o b o r a t e s h a s been of 
c o n t i n u i n g i n t e r e s t from t h e d a t e of i t s s y n t h e s i s i n 
1966 by T r o f i m e n k o , who o p e n e d up a new s u b a r e a of 
o r g a n o m e t a l l i c c h e m i s t r y by s y n t h e s i z i n g p o l y ( i - p y r a -
2 o l y l ) b o r a t e a n i o n s . 
V a r i o u s n i t r o g e n c o n t a i n i n g h e t e r o c y c l e s , 
f o r e x a m p l e , i n d a z o l e , i m i d a z o l e and t h e i r s u b s t i t u t e d 
a n a l o g u e s , h a v e been s u c c e s s f u l l y u s e d f o r t h e s u b s t i -
t u t i o n of t h e h y d r o g e n a t o m s of t h e b o r o h y d r i d e a n i o n . 
I n t h e s y n t h e s i s of s u c h o r g a n o b o r a t e s t h e u t i l i t y 
o n l y of t h e h e t e r o c y c l i c m o i e t i e s h a s been e m p h a s i z e d 
by a l m o s t a l l p r e v i o u s w o r k e r s . I t was of i n t e r e s t t o 
e x p a n d t h e s c o p e of t h i s c h e m i s t r y t o w a r d s t h e o r g a n o -
i m i d e s and - i m i n e s . I t h a s b e e n found t h a t p h t h a l i m i d e , 
s u c c i n i m i d e and i m i n o d i a c e t i c a c i d a r e p o t e n t i a l 
c a n d i d a t e s f o r t h e s y n t h e s i s of t h e c o r r e s p o n d i n g 
( s u c c i n i m i d y l ) , ( p h t h a l i m i d y l ) and ( i m i n o d i a c e t i c a c i d y l ) 
b o r a t e s of d i f f e r e n t s t o i c h i o m e t r i e s d e r i v e d frcxn t h e 
t e t r a h y d r o b o r a t e a n i o n . 
The s e r i e s p o l y ( p h t h a l i m i d y l ) , p o l y ( s u c c i n i -
m i d y l ) * and p o l y ( i m i n o d i a c e t i c a c i d y l ) b o r a t e a n i o n s 
vi 
have been obtained either by refluxing in a suitable 
solvent or by reacting in molten state the stoichio-
metric amounts of the corresponding phthalimide, 
succinimide or iminodiacetic acid with potassium 
tetrahydroborate. The coordinating behaviour of the 
resulting organoborates towards a number of transitioi 
metal ions have also been investigatedo 
The ligands, potassium dihydrobis-,-hydrotris 
and -tetrakis(phthalimidyl)borates have been synthesi-
zed by refluxing potassium borohydride and phthalimide 
in 1:2, 1:3 and i ;4 molar ratios, respectively, in 
dimethylformamide for about fourteen hours or more. 
While the corresponding ligands of succinimide have 
been obtained by reacting the solid potassium boro-
hydride with molten succinimide taken in the appro-
priate molar ratios at different temperatures and 
duration for dihydrobis-, hydrotris- and tetrakis-
(succinimidyl) borates. The syntheses of potassivun 
dihydrobis-,-hydrotris- and -tetrakis(iminodiacetic 
acidyl)borates have been achieved in the same manner 
as discussed above for the corresponding phthalimide 
derivatives excepting the solvent which in this case 
is dimethylsulphoxide. 
Vll 
The completion of these reactions was ascer-
tained by measuring the volume of hydrogen gas evolved, 
which corresponds to two, three and four moles for 
dihydrobis-, hydrotris- and tetrakis borates, respectively, 
during the course of their syntheses. 
The results of the elemental analyses and 
the determination of their molecular weights support 
their formulation as K [H B(L)^_ 1, where n=2, 1 or 0 
and L«= succinimiue, phthalimide or iminodiacetic acid 
anion. The molar conductance values of these salts 
indicate them to be strong 1:1 electrolyte <, They were 
finally characterized by analysing their infrared spectra. 
The absence of any band in the N-H stretching frequency 
region suggested the disappearance of imino hydrogen. 
The presence of a doublet, a singlet and non appearance 
of any band in the B-H stretching frequency region in 
the spectra of dihydrobis-, hydrotris- and tetrakis 
borates, respectively, indicated that two, three and 
four hydrogens of tetrahydroborate moiety have been 
replaced together with the imino hydrogens of phthali-
mide, succinimide or iminodiacetic acid, forming two, 
three and four boron-nitrogen bonds. This is supported 
by the appearance of B-N stretching vibration in the 
v i i l 
app rop r i a t e r e g i o n . 
The presence of BH2, BH and the absence of 
BH u n i t i n the corresponding b o r a t e s of succinimide 
have been f u r t h e r confirmed by the HNMR s p e c t r a . The 
NMR spec t r a of the l igands d ihyd rob i s - and h y d r o t r i s 
b o r a t e s e x h i b i t e d a double t and a s i n g l e t c h a r a c t e r -
i s t i c of BH_ and BH p r o t o n s , r e s p e c t i v e l y , while for 
t he t e t r a k i s l igand no such resonance was observed in 
t h i s r e g i o n . 
All t he r e s p e c t i v e bo ra t e s of phthal imide 
and iminod iace t i c acid are s t a b l e towards a i r and 
mois ture but decomposed at high temperatures(215-350 C) , 
They are so lub le only in hot methanol and wa te r , 
whereas j the potassium d i h y d r o b i s - , - h y d r o t r i s - and 
t e t r a k i s ( s u c c i n i m i d y l ) b o r a t e s are so luble only in water 
and hot d ime thy l su lphox ide . They are the rma l ly very 
s t a b l e n e i t h e r mel t ing nor decomposing upto 360 C, 
However, these are hygroscopic when exposed t o a i r and 
the order of t h e i r s t a b i l i t y i s 
d ihydrob i s N h y d r o t r i s N t e t r a k i s . 
The organobora tes der ived from phthal imide 
and succinimide have been found t o ac t as p o t e n t i a l 
ix 
coordinating agents towards the various metal ions, 
yielding complexes in different molar ratios depending 
on the oxidation state of the metal ions. 
The stoichiometriea of these complexes have 
been established on the basis of the elemental analyses. 
Infrared spectral studies indicated that in all these 
complexes the coordination to metal ions occured through 
the carbonyl oxygens of the heterocyclic moitieso 
The insolubility in common organic solvents 
and high decomposition temperature of all these complexes 
suggested their possible oligomerizatlon. Their geo-
metries have been proposed on the basis of their 
observed magnetic moments and electronic spectral studies, 
A tetrahedral structure for Zn(II), Cd(ii) 
and Hg(II) complexes of all these ligands have been 
tentatively suggested on the basis of stoichiometry 
(1:2, metal:Ligand) and infrared spectral studies. 
The Cr(III) and Fe(III) complexes of dihydro-
bis(phthalimidyl) and -(succinimidyl)borate anions are 
in 1 :2 molar ratio with the stoichiometry as ML^X, and 
for the divalent ions, Mn(II), Co(II), Ni(II) and 
Cu(II), the stoichiometry is MLXo An octahedral geometry 
X 
involving both halogen as well as ligand bridging has 
been proposed on the basis of magnetic moments, IR and 
electronic spectral evidences for all these complexes. 
A square-planar structvare involving chlorine bridges 
has been proposed for the Cu(II) complexesc 
The complexes of hydrotris- and tetrakis-
(phthaiimidyl) and (succinimidyl)borate anions with 
Cr(III), Fe(III), Mn(II), Co(II), Ni(II), Cu(II), ions 
have been found to be in 1:2 and i:3 molar ratios for 
divalent and trlvalent metal ions, respectively. The 
complexes of hydrotris(phthalimidyl)borate with Cr(iii) 
and Fe(III) ions have an octahedral arrangement around 
the central metal ions, whereas, Mn(II), Co(II), Ni(II) 
and Cu(II) complexes have tetrahedral structure. An 
octahedral geometry has been proposed for the complexes 
of tetrakis(phthalimidyl), tetrakis (succinimidyl) as 
well as hydrotris(succinimidyl) llgands with all these 
transition metal ions excepting Cu(II) complexes which 
were found to be square-p1anar. 
The litiand field parameters 10 Dq, B and B 
values for most of the complexes of poly (succinimidyl) 
borates have also been evaluated» 
CHAPTER - I 
I N T R O D U C T I O N 
1 
INTRODUCTION 
The l i t e r a t u r e of t h e l a s t f i f t y y e a r s 
r e f l e c t s t h e g r e a t i n t e r e s t shown i n b o r o n - n i t r o g e n 
c h e m i s t r y . The r e a s o n f o r t h i s i s t h e f a c t t h a t B-N 
bond i s i s o e l e c t r o n i c and h a s a c o m p a r a b l e bond 
d i s t a n c e t o C-C b o n d . H e n c e , i t i s e x p e c t e d t h a t B-N 
bond s h o u l d h a v e a v e r y r i c h C h e m i s t r y a s i s t h e c a s e 
w i t h t h e C-C b o n d . 
Most of t h e e f f o r t s h a v e been c e n t r e d 
a r o u n d t h e n a t u r e of t h e b o r o n - n i t r o g e n bond and t h e 
r e s u l t i n g p r o p e r t i e s of t h e compounds c o n t a i n i n g s u c h 
b o n d s . A w e a l t h of i n f o r m a t i o n a p p e a r e d i n 1964 when 
t h i r t y - t w o p a p e r s g i v e n a t a c o n f e r e n c e on b o r o n -
n i t r o g e n c h e m i s t r y w e r e p u b l i s h e d i n one vo lume , The 
e a r l i e s t work on b o r o n - n i t r o g e n C h e m i s t r y d a t e s back 
2 
t o 1809 when Gay L u s s a c s y n t h e s i z e d an a d d u c t of 
ammonia and b o r o n t r i f l o u r i d e , NH_-BF . The p r o p e r t i e s 
3 
of t h i s compound was i n v e s t i g a t e d by K r a u s e t a l and 
4 L a u b e n g a y e r . 
A c o m p a r a t i v e s t u d y of p r o t o n m a g n e t i c 
s p e c t r a of t h e compounds s u c h a s Me B.NMeph, PhClB.NMe 
and PhD (NMe^)^ s u g g e s t e d t h a t P^ - P , b o r o n - n i t r o g e n 
2 
bonding was r e s p o n s i b l e f o r t h e h i n d e r e d r o t a t i o n 
5 ,6 
about t h e boron n i t r o g e n bond i n t h e s e s u b s t a n c e s 
7 8 1 
The s u b s t a n t i a l s t u d i e s ' of t h e HI\IMR s p e c t r a of 
numerous monomeric a m i n o b o r a t e s over a r a n g e of 
t e m p e r a t u r e p r o v i d e p o s i t i v e e v i d e n c e of r e s t r i c t e d 
r o t a t i o n of 10-25 K c a l s / m o l e . 
NumQreufl compounds of aminoboranes R 
3-x 
NH .BH^ have been r e p o r t e d . The f i r s t adduc t was X 3 
p r e p a r e d by the' r e a c t i o n of d i b o r a n e w i t h t h e appro-
p r i a t e amine e . g . , (CH ) N,BH ,C H .BH and CH NH BH ~^ ^  ^. 
An ana logous r e a c t i o n employing a l k y l d i b o r a n e was used 
t o p r e p a r e boron a l k y l s u b s t i t u t e d amine b o r a n e . One 
of t h e most w i d e l y used s y n t h e t i c method a t p r e s e n t i s 
t h e r e a c t i o n of a m e t a l b o r o h y d r i d e w i t h an a l k y l 
1 3 
s u b s t i t u t e d ammonium s a l t 
The s t e r e o d y n a m i c a l behav iou r of amino-
b o r a n e s i s of l o n g s t a n d i n g i n t e r e s t and s e v e r a l p a p e r s 
14-16 have appeared r e c e n t l y . B a r r i e r s t o b o r o n - n i t r o g e n 
bond r o t a t i o n a r e t y p i c a l l y 70-100 KJ/mole fo r mono 
(amino) b o r a n e s and 40-50 KJ/mole f o r b i s ( a m i n o ) bo ranes 
and t h i s has been r a t i o n a l i z e d by p o s t u l a t i n g t h a t t h e 
7Vbon4 o r d e r cf an i n d i v i d u a l B-N bond would be l e s s i n 
a b i s (amino) borane t h a n i n a s i m i l a r mono(amino)borane , 
3 
because, in the former, two nitrogen lone pairs would 
compete for overlap with the empty boron orbital. 
Obviously, if such an argument is valid, tris(amino) 
boranes should have still lower rotational barriers 
but this has not proved to be the case when one of 
the amino groups is bulky. In this circumstances the 
bulky amino group may be forced to assume a position 
in which its nitrogen is unable to participate in B-N A-
bonding and the rotational barrier corresponas to that 
1 7 
of a bis(amino)brane 
i R 1 Q I t h a s been r e p o r t e d * t h a t t h e z w i t t e r -
i o n i c forms of g l y c i n e H NCH C0~ and a l a n i n e MeCH(N*H-) 
CO2 have boron c o u n t e r p a r t s H_NfiH2C02H and Me^ H(N H ) 
CO«H, I n t e r e s t i n t h e s e boron s p e c i e s d e r i v e s p r i n c i -
p a l l y from t h e i r p o t e n t i a l b i o l o g i c a l a c t i v i t y when 
compared w i t h t h e enormous s i g n i f i c a n c e of t h e -amino 
a c i d s i n b i o c h e m i s t r y . Development of boron aminoacid 
20 
c h e m i s t r y h a s been s t i m u l a t e d by a r e c e n t r e p o r t 
d e s c r i b i n g t h e s y n t h e s i s , c h a r a c t e r i z a t i o n and a c t i v i t y 
of Me N E H CO^H (cf . b e t a i n e Me N^CH^CO") and Me^N BH^ 
COI-JHEt • The a c i d Me N BH2CO2H i s a c r y s t a l l i n e s o l i d , 
s t a b l e i n a i r and w a t e r . In t h e c r y s t a l , Me3NBH2C02H 
e x i s t s as t h e hydrogen bonded d i m e r , s i m i l a r t o o t h e r 
4 
s imple c a r b o x y l i c a c id so Both t h e a c i d and t h e N-
e t h y l a m i d e e x h i b i t e d s i g n i f i c a n t a n t i t u m o r a c t i v i t y 
i n p r e l i m i n a r y t e s t s w i t h miceo 
Work on b o r o n - n i t r o g e n Chemis t ry was 
g i v e n a new t u r n i n 1966 by Tro f imenko^ ' ' , who opened 
up a new suba rea of o r g a n o - m e t a l l i c c h e m i s t r y by s y n t h e -
s i z i n g p o l y ( 1 - p y r a z o l y l ) b o r a t e a n i o n s , a n o v e l c l a s s of 
c h e l a t i n g l igandSo A number of t r a n s i t i o n m e t a l complexes 
i n c o r p o r a t i n g p y r a z o l y l and s u b s t i t u t e d p y r a z o l y l l i g a n d s 
22-25 have s i n c e been r e p o r t e d , in a d d i t i o n t o t h e c h e l a -
26 2 7 t i n g p o l y ( 1 - p y r a z o l y l ) b o r a t e a n i o n s ' , c a l l e d p y r a z a -
b o l e s w i t h t h e g e n e r a l f o r m u l a , (R2B P z ) 2 , have been 
p r e p a r e d by t h e i n t e r a c t i o n of borane complexes w i t h 
2 R p y r a z o l e s . Here two BR^ g r o u p s a c t i n g as b r i d g i n g 
u n i t between two p y r a z o l e n u c l e i g i v e r i s e t o a new 
21 22 c l a s s of compounds * , hav ing r e s o n a n c e s t a b i l i z e d 
c y c l i c s t r u c t u r e of h i g h symmetry. P y r a z a b o l e s have 
t h e i r own i m p o r t a n c e owing t o t h e i r u n u s u a l f e a t u r e s , 
26 S t a b i l i t y and w e a l t h of d e r i v a t i v e s 
The c o o r d i n a t i n g a b i l i t y of p o l y ( 1 - p y r a z o -
l y l ) b o r a t e a n i o n , [_R B(PZ) 7 " , i s a consequence of 
f a v o u r a b l e e l e c t r o n i c and g e o m e t r i c f a c t o r s . A d i p y r a -
z o l y l b o r a t e i on [R2B(PZ)2J r e s e m b l e s 1 , 3 - d i k e t o n a t e 
i o n and forms c h e l a t e s w i t h d i v a l e n t t r a n s i t i o n m e t a l 
5 
2 7 ions. This ligand is reported to form tetrahedral 
complexes with Mn(II), Fe(ll) and Co(II) and square 
p lana r complexes with N i ( I l ) and C u ( I l ) . The t r i s 
( 1 -py razo ly l )bo ra t e anion. TRB (PZ) J a uninegat ive 
t r i d e n t a t e l igand with C (or l o c a l C„ ) symmetry has 
been repor ted alongwith i t s complexes of Mn( I I ) , 
F e ( I I ) , C o ( I I ) , N i ( I I ) and Cu( l l ) i ons a l l of which 
were assigned oc t ahed ra l geometry. This l igand has 
been fu r t he r used t o prepare t h e sandwich l i k e compounds, 
where the t r a n s i t i o n metal i s surrounded e s s e n t i a l l y in 
an oc t ahedra l fashion by the t e r m i n a l s of t he two biden-
29 t a t e l i g a n d s . Furthermore, t he half sandwiches where 
the t h r e e coo rd ina t i on s i t e s on the metal are taken up 
by the[RB(P2) J l igand and the remaining coord ina t ion 
s i t e s by the o the r groups such as C O , A - a l l y l , a l k y l , 
30 hydrogen , A-Cp-Hj,etc . have a l so been repor ted , Since 
t he se o ther groups may be v a r i e d in manifold ways, the 
scope of ha l f -sandwich chemis t ry based on the [^RB(PZ)2J 
l igand i s cons ide rab ly wider than t h a t of the c o r r e s -
ponding f u l l sandwich compounds. 
The temperature dependence of the proton 
NMR spec t r a of some t r a n s i t i o n metal complexes conta in-
ing t r i s ( l - p y r a z o l y l ) b o r a t e l i g a n d , s p e c i a l l y the 
compounds having the s t r u c t u r e RB(P2)^M(00)2^^ - a l l y l , 
8 
(M=Mo or W) as well as substituted analogues, has been 
29 
studied by Trofimenko 
26 
T e t r a k i s ( 1 - p y r a z o l y l ) b o r a t e h a s b e e n shown 
t o be m e r e l y a s u b s t i t u t e d v a r i a n t of t r i s ( 1 - p y r a z o l y l ) 
b o r a t e i n t e r m s of c o o r d i n a t i n g a b i l i t y . 
The o x i d a t i v e and h y d r o l y t i c s t a b i l i t y of 
p o l y ( 1 - p y r a z o l y l ) b o r a t e h a s b e e n o b s e r v e d t o i n c r e a s e 
w i t h d e c r e a s i n g number of h y d r o g e n a t t a c h e d t o b o r o n . 
The [ H - B C P Z ) ] was o x i d i z e d i n s t a n t a n e o u s l y by a q u e o u s 
p e r m a n g a n a t e w h e r e a s , [ H B ( P Z ) 2 J w a s o x i d i z e d s l o w l y , 
h o w e v e r , [ B ( P Z ) . J r e m a i n e d u n a f f e c t e d u n d e r t h e s e c o n d i -
t i o n s . The same o r d e r of s t a b i l i t y was o b s e r v e d w i t h 
r e g a r d t o s t o r a g e of t h e i r s o l u t i o n s ; r B ( P Z ) . ] c o u l d be 
s t o r e d f o r a l o n g p e r i o d of t i m e i n s o l u t i o n w i t h o u t 
n o t i c e a b l e d e t e r i o r a t i o n , w h i l e [ H B ( P Z ) j was s t o r e d 
l e s s w e l l and [ H 2 B ( P Z ) 2 J s o l u t i o n had t o be u s e d w i t h i n 
a few d a y s of i t s p r e p a r a t i o n . I n t h e s o l i d s t a t e , 
h o v / e v e r , a l l t h e t h r e e s a l t s c o u l d be s t o r e d f o r y e a r s 
a t room t e m p e r a t u r e e x p o s e d t o a i r and l i g h t . 
The c r y s t a l c h e m i s t r y of b o r a t e s h a v e been 
31 r e - a n a l y s e d and c l a s s i f i e d by B o k i i and K r a v c h e n k o . 
11 The B NMR s p e c t r a of a q u e o u s s o l u t i o n s of b o r i c a c i d 
32 
and a l k a l i - m e t a l , m e t a - and p o l y b o r a t e s h a v e been u s e d 
7 
t o ob ta in informat ion ( including pk va lues ) about the 
po lymer iza t ion e q u i l i b r i a . Formation c o n s t a n t s have 
33 a l so been measured for the complexes of va r ious 
o rgan ic polyhydroxy compounds with bora te i o n s . 
Complexes in which the metal atom i s 
bonded t o p o l y ( 1 - p y r a z o l y l ) b o r a t e as well as t o a/{ 
eye lopen tad ieny l l igand are known for a few t r a n s i t i o n 
elements^'^. Recent ly , a number of uranium (IV) poly 
(1 -py razo ly l )bo ra t e complexes and uranium compounds in 
h ich b o t h j ' | - h y d r o t r i s ( 1 - p y r a z o l y l ) bora te and y^  cyclo-w 
pentadienyl ligands are bonded to the metal have been 
^35,36 
reported 
R e a c t i o n s of t h e m e t a l h e x a c a r b o n y l s M ( C O ) , , 
(M=Cr, Mo and w) w i t h t e t r a c o o r d i n a t e b o r o n a n i o n s 
c o n t a i n i n g a p p r o p r i a t e d o n o r g r o u p s bonded t o t h e b o r o n 
p r o v i d e d p o s s i b l e r o u t e t o n o v e l a n i o n i c m e t a l c a r b o n y l 
d e r i v a t i v e s . The m e t a l h e x a c a r b o n y l r e a c t s w i t h v a r i o u s 
37 p o l y ( P y r a z o l y l ) b o r a t e s t o form a n i o n i c m e t a l c a r b o n y l 
c o m p l e x e s of t h e t y p e [\^^^2^2^2^2 ^^"^^^4 1 ^ "^ ^^^ ^ ^ ^ 3 ^ 2 ^ 3 
7\^CO) J . S e v e r a l c o m p l e x e s of t h e t y p e 12-10(00)2 C H 
w h e r e L i s a p o l y ( 1 - p y r a z o l y l ) b o r a t e l i g a n d h a v e a l s o 
2 9 38— 4 0 b e e n r e p o r t e d ' . One of t h e m o s t i n t e r e s t i n g 
compounds so f a r r e p o r t e d i n t h i s a r e a i s j _ d i h y d r o b i s 
(3 , 5 - d i m e t h y l - 1 - p y r a z o l y l ) b o r a t e j ( t y c l o h e p t a - t r i e n y l _ ) 
8 
dica rbonyl molybdenum, [H2B(3,5-Me2 (PZ) ^JliC-j'^-j) (C0)2 
37 
Mo(I) . I t was considered t h a t at l e a s t t h r e e s t r u c t -
38 
u res were p l a u s i b l e for t h i s compound „ Assuming an 
e igh t een e l e c t r o n con f igu ra t i on for t h e va lence o r b i t a l s 
of molybdenum, t he C_H_ r ing might be hep ta -hep to or 
pentahepto wi th the (Pyrazolyl ) bora te l igand being mono-
d e n t a t e or b i d e n t a t e , r e s p e c t i v e l y . Pyrazo ly lbora te 
l igands have a l so been p o s t u l a t e d t o s t a b i l i z e molybdenum 
38 
wi th s ix t een e l e c t r o n c o n f i g u r a t i o n , and t h u s , a t r i -
hapto- C„H„ r ing t o g e t h e r wi th a b iden t a t e pyrazo ly l 
bora te was a l s o considered as a p o s s i b i l i t y . 
The syn thes i s of an analogous s e r i e s of 
p o l y ( 1 - i n d a z o l y l ) bora te anions has been repor ted from 
41-43 the se l a b o r a t o r i e s . The formation of each member 
of a s e r i e s was temperature dependent . Potassium dihydro-
b i s ( 1 - i n d a z o l y l ) bora te was used as a l igand t o y ie ld 
complexes with Mn( I I ) , Fe ( I I I ) ^ C o ( I I ) , N i ( I I ) and Cu(II) 
i o n s . I t has been repor ted t o be a un inega t ive b iden ta te 
l igand and coo rd ina t i on was proposed t o occur through 
t h e py r idy l as wel l as py r ro l e n i t rogen atom of the 
indazole r ing system in a l l c a s e s , g iv ing r i s e t o poly-
meric s p e c i e s . However, in case of Cu(II) complex the 
py r ro l e n i t rogen atom was not involved in c o o r d i n a t i o n . 
9 
On the bas i s of e l e c t r o n i c s p e c t r a l s t u d i e s and magnetic 
s u s c e p t i b i l i t y measurements a d i s t o r t e d square p lanar 
s t r u c t u r e involv ing c h l o r i n e b r idges has been repor ted 
for Cu(II) complex. An Octahedral geometry wi th l igand 
br idges for a l l the complexes was t e n t a t i v e l y proposed. 
Potassium h y d r o t r i s (1 - indazo ly l ) bora te as wel l as 
potassiiim t e t r a k i s (1 - indazo ly l ) borate and t h e i r complexes 
w i t h M n ( l l ) , N i ( I l ) , C u ( i i ) , F e ( l i i ) , Z n ( I I ) , Cd(i i ) and 
42 4 3 
Hg(II) ions have been synthesized ' , All these complexes 
were reported to have an octahedral geometry except Cu(II) 
complex which was assigned a distorted square planar 
geometry. 
The syn thes i s and l igand p r o p e r t i e s of 
p o l y ( 5 - n i t r o i n d a z o l y l ) and ( 6 - n i t r o i n d a 2 o l y l ) borate 
44 4 5 anions have a l s o been i n v e s t i g a t e d ' . These were 
found to behave d i f f e r e n t l y from t h e p o l y ( i - i n d a z o l y l ) 
bora te an ions . I t i s , noteworthy, t h a t dur ing the 
course of s y n t h e s i s t h e r e occurs r educ t ion of F e ( i l l ) 
t o Fe( I I ) with the d i h y d r o b i s ( 5 - n i t r o i n d a z o l y l ) b o r a t e . 
Very r e c e n t l y , a v a r i e t y of metal complexes 
incorpora t ing d i h y d r b i s - h y d r o t r i s - a n d t e t r a k i s (imida-
z o l y l ) and - (2 -methy l imidazo ly1)bora te anions have been 
4 g - 4 Q 
repor ted " . Thei r l igand f i e l d parameters D^, B and 
p va lues have been c a l c u l a t e d . By comparison of these 
10 
p a r a m e t e r s , i t has been i n d i c a t e d t h a t t h e d i h y d r o b i s 
( i m i d a z o l y l ) b o r a t e behaves as a s t r o n g e r c o o r d i n a t i n g 
l i g a n d t h a n i t s me thy l s u b s t i t u t e d ana logue^ 
Amides ar-e known t o form a d d i t i o n compounds 
4 9 50 51 
w i t h a v a r i e t y of m e t a l h a l i d e s ' and o x y h a l i d e s 
49-51 
IR spectra of a few such adducts have also been reported. 
The formation of the adducts of imides, such as phthali-
mide, succinimide and isatin with antimony(V) chloride, 
tin(IV) chloride and bromide, titanium(IV) and Zirconium 
(IV) chlorides aluminium chloride and bromide has been 
described 
The r e a c t i o n of some i m i d e s w i t h P t ( p p h ) . , 
P t (Asph )^ and pd(PPh )^ has been s t u d i e d ^ ^ » With t h e 
p l a t i n u m c o m p l e x e s , imide h y d r i d e complexes of t h e t y p e 
L^  Pt(H) ( imide) have been p r e p a r e d by u s ing s u c c i n i m i d e 
and p h t h a l i m i d e . The s t r u c t u r e of t h e s e complexes was 
conf i rmed by IR s p e c t r a and a l s o by t h e p r e s e n c e of a 
h i g h f i e l d l i n e i n t h e H NMR s p e c t r a . However, under 
t h e same r e a c t i o n c o n d i t i o n s Pd(pph ) , has been shown t o 
a f f o r d a complex of s t o i c h i o m e t r y ( P P h )_ Pd(succ)2> 
F igu re I r a t h e r t h a n t h e c o r r e s p o n d i n g h y d r i d e complex . 
Fig u re I 
u 
54 Copper (11'^ i m i d e c o m p l e x e s h a v e b e e n known 
5 5- 5 8 
s i n c e 1904= D u r i n g t h e l a s t two d e c a d e s s t u d i e s 
h a v e been c o n c e r n e d w i t h t h e b o n d i n g s i t e s e m p l o y e d by 
t h e a n i o n s fo rmed by p h t h a l i m i d e and s u c c i n i m i d e o O p t i -
55 
c a l and IR s p e c t r a l and c o n d u c t a n c e s t u d i e s of 
Culm2 (RN?i2 )2 » (where lm= p h t h a l i m i d e o r s u c c i n i m i d e 
a n i o n , RNH^= a l k y l amine ) compounds and t h e c o r r e s p o n d -
i n g d i a m a g n e t i c N i ( I I ) c o m p l e x e s l e d t o t h e c o n c l u s i o n 
t h a t t h e m e t a l l i g a n d b o n d i n g t o t h e i m i d a t o l i g a n d s 
i n v o l v e d t h e n i t r o g e n atom of t h e i m i d a t e r i n g . 
C o p p e r ( I I ) a n i o n i c m e t a l c o m p l e x e s w i t h p h t h a l i -
m i d e (HL) of t h e f o r m u l a M2 CUI44 onH20 (M=Li, Na,K; n = 0 , 
59 2 , 4 , 6 ) h a v e a l s o b e e n r e p o r t e d . R e c e n t l y , t h e mixed 
l i g a n d c o m p l e x e s of CUL2L'' (HL= m a l o n i m i d e , s u c c i n i m i d e ; 
L = d i p y r i d y l , 0 - p h e n a n t h r o l i n e ; , ML2^^ ^ o ' (M=Ni, Co) and 
2 1 2 
Na M(L ) , L , (L = g l u t a r i m i d e , p h t h a l i m i d e ) , have been 
r e p o r t e d . The o r d e r of i m i d e b o n d i n g power h a s b e e n 
g i v e n a s : 
m a l o n i m i d e / ^ p h L h a L i m i d e \ s u c c i n i m i d e \ g l u t a r i m i d e . 
A l k y l ( i m i d o ) n i c k e l ( I I ) c o m p l e x e s (I^' igure I I , 
w h e r e L=2, 2 - b i p y r i d i n e ) of r e m a r k a b l e t h e i m a l s t a b i l i -
t i e s were o b t a i n e d by t h e r e a c t i o n of d i a l k y l n i c k e l ( I I ) 
c o m p l e x e s ( E t ^ N i L ) w i t h s u c c i n i m i d e and p h t h a l i m i d e . 
T r e a t m e n t of t h e s e i m i d e n i c k e l c o m p l e x e s w i t h PhCH Br 
12 
and phBr gave N-subs t i t u t ed imides in high y i e l d s , 
.0 
N—NiEtL 
Figure I I 
The anions of N-hydroxy succini inide, 
phthal imide and of 1-hydroxy-1H-benzotr iazole were 
62 deoxygenated at t he ni t rogen-oxygen bond by the hexa-
5 
carbonyls of chromium, molybdenxom and tungs ten by (77 
C^H^) (oOgWCl t o g ive the imide complexes r{0C)^ML7 and 
(77 -CjH^) (OC) WL, r e s p e c t i v e l y (^L^anion of succinimide, 
phthal imide and benzo t r i azo l e J « 
The donor p r o p e r t i e s of N-subs t i t u t ed 
6 3 
imides were studied by determining heats of formation, 
dipole moment and IR spectra of the complexes formed 
with AlBr-, Here the oxygen atoms of the carbonyl groups 
were the coordination centres and effects of the substi-
tuent on the donor capacity was inductive in nature. 
Succinimide and phthalimide were found to 
be capable of acting as nucleophilic substituent on the 
chelate ring of tris(3-bromo-2, 4-pentanedionato iron 
(III) and Cu(ll) complexes^'*'^^, 
13 
Crystal structure of tetra-aquobis(succi-
nimidylato) nickel (II) dihydrate and diamminebis(succi-
nim,idato) Cu(ii) complexes have been reported ' „ 
Magnetochemistry, absorption spectra and configuration 
of some amine complexes of nickel (II) succinimide and 
ESR studies of alkyl amine complexes of copper(II) 
imides have also been reported^^»^^. 
70 Cyclic imides have many applications , 
72 ,73 
71 
particularly as plant growth regulators and fungicides . 
72 The activity may be due to acylation of enzymes 
74 
Phthalimide compounds are used as insecti-
cide, fungiciae and herbicide plant protecting agents, 
75 
Phthal imide vapors are used for a n t i c o r r o s i v e coat ing 
on s t e e l and i t s al loys, , 
A composition of a mixture of sodiiim 
m e t a s i i i c a t e , me rcap to th i azo l ine or mercaptobenzoth iazole , 
sodium t e t r a b o r a t e , benzamide or ph tha l imide , provides 
very e f f e c t i v e i n h i b i t i o n of co r ros ion of aluminium, 
s o l d e r , bearing meta l s e t c 
Bis (ha lophtha l imido) compounds,(Figure I I I 
NRN=organic diamine re s idue con ta in ing 1-3 aromatic 
r ings, , R'=halogen, n= 1-4) are good dimension s t a b i l i z e r s 
77 
for polyolefin molding compounds 
Figure I I I 
14 
The thermal s t a b i l i t y of polyamides f ibe r 
7 8 has been shown t o be improved by mixing with cupr ic 
c h l o r i d e , potassium iodide and potassium phthal imide 
before sp inn ing . The o r i g i n a l s t r e n g t h of the f i b e r s 
prepared from the poly(hexamethylene adipamide) compo-
s i t i o n con ta in ing cupr ic c h l o r i d e 5-iO, potassiiom iodide 
190 and potassium phthal imide 5b ppm was 90^ re ta ined on 
hea t ing atlSO'C for 9 hours , whereas t h a t of f i b e r s pre-
pared without these a d d i t i v e s decreased 43!^ under s imi la r 
conditions. 
The thermal s t a b i l i t i e s of meta l -con ta in ing 
and metal f r ee de t e rgen t a d d i t i v e s t o mortar o i l have 
79 been s tudied and some s u c c i n i m i d e s ( e s p e c i a l l y boron 
conta in ing succinimides) had t h e h ighes t s t a b i l i t y , 
whereas, a d d i t i v e s of the meta l alXyl phenola te type had 
15 
the lowest values. The loss of effectiveness of the 
additives at high temperatures depenaed directly on 
their thermal stability. 
A rapid and sensitive determination of 
boron-containing alkenyl succinijnide heavy-duty addi-
80 tives and lubricating oils have been reported 
The products of reacting NaBO„ with 
succinimide of alkylene polyamides in the presence of 
water have been found effective as detergent and anti-
81 
wear additives in lubricating oils 
«C -succinimidosuccinimide and its deriva-
tives (Figure IV) have been synthesized by condensingoC-
succinimidosuccinic anhydride with (NH.)2C0_ and different 
primary amines. Many of the seventeen compounds thus 
obtained showed marked sedative and weak paralytic 
activities in mice. The biological activity of these 
derivatives were compared to that of phenobarbital. These 
82 
compounds show low toxicity and high therapeutic index 
.0 
N 
.0 
NR 
Figure IV 
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Succinimide d e r i v a t i v e s , in which a lkyla-
t i n g groups such as o^ -ha loace ty l , o^^haloacetamido, 
maleimide and maleamyl, have been a t tached t o the 2 
p o s i t i o n of the 2-phenyl s u b s t i t u e n t have been prepared 
as p o t e n t i a l long-ac t ing an t i convu l san t a c t i v i t y of 
compounds con ta in ing the imide s t r u c t u r e ( F i g u r e V) has 
83 been well recognised . Among the succ in imide , phensucci-
n imide(2a) , methsucc in imide(2b) , and phensuccinimide(2c) 
are used in the t rea tment of pep t i tma l epi lepsyo 
R 
-Ri 
^ N O 
2 a , R=C^H^,R^=H, R^" CH^ 
2 b , R=C^H^,R^=CH2,R2=CH2 
2 c , R=C H, ,R =a-I ,R^ = H 
' 6 5 * 1 3 2 
F i g u r e V 
N - h a l o s u c c i n i m i d e i n m e t h a n o l h a v e been 
u s e d a s t h e o j < i d i z i n g a g e n t s ^ 2 - ( M e t h y s u l f o n y l ) e t h y l 
N - s u c c i n i m i d y l c a r b o n a t e ( F i g u r e VI ) h a s been u s e d i n 
84 
p e p t i d e s y n t h e s i s and f o r t h e p r o t e c t i o n of i n s u l i n 
H,C 
Figure VI 
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A new s t ab l e reagent d i ( N - s u c c i n i m l d y l ) 
85 
o x a l a t e ( F i g u r e VII) has been used for syn thes iz ing 
p r o t e c t e d d i p e p t i d e s without i s o l a t i n g the i n t e r m e d i a t e ' 
a c t i v e e s t e r . 
Figure VII 
Organoboron chemis t ry has continued t o 
provide t he most novel developements in the f i e l d of 
coo rd ina t ion chemist i 'y . In r ecen t years a number of 
86-88 pape r s , books, review a r t i c l e s have been published 
dea l ing with the uses of boron complexes as syn the t i c 
i n t e r m e d i a t e s in organic s y n t h e s i s , o the r i n d u s t r i a l 
a p p l i c a t i o n s , t r a n s i t i o n metal complexes of borabenzene, 
adducts of mixed t r i h a l i d e s of boron, borabenzene and 
i t s d e r i v a t i v e s , boron-sulphur chemistry * and boron-
n i t rogen chemis t ry 91 ,92 
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The b o r o n compounds p a r t i c u l a r l y h a v i n g 
b o r o n - n i t r o g e n b o n d , f i n d a w i d e r a n g e of a p p l i c a t i o n s 
i n v a r i o u s f i e l d s . The i n t e r e s t i n p o t e n t i a l a p p l i c a -
t i o n s of b o r o n compounds f o r m e d i c i n a l p u r p o s e s h a s 
been i n c r e a s i n g c o n s t a n t l y . 
A numb^er of o r g a n o b o r o n c o m p l e x e s h a v e been 
93 94 
shov;n t o e x h i b i t a n t i t u m o r a c t i v i t y ' , A b o r o n 
compound t r i i s o p r o p a n o l amine b o r a t e i s u s e d i n t h e 
n e u t r o n c a p t u r e t h e r a p y of b r a i n t u m o r s i n human b e i n g s , 
96 M a r t i n h a s r e c e n t l y r e p o r t e d t h a t t h e I s o -
e l e c t r o n i c and i s o s t e r i c b o r o n a n a l o g u e s of t h e amino 
a c i d g l y c i n e and i t s N - m . e t h y l a t e d d e r i v a t i v e s , R N.EH 
COOH, (R=H, CH ) e x h i b i t a n t i t u m o r and h y p o l i p i d m i c 
a c t i v i t i e s c 
The a g e n t s w h i c h w e r e o b t a i n e d f rom o r t h o -
c a r b a n e and from d e c a h y d r o d e c a b o r a t e c o n t a i n e i t h e r 
amine i m i d o e s t e r o r a l d e h y d e f u n c t i o n s b e s i d e s i o n i c 
c e n t r e s and w e r e bound t o human Y - g l o b u l i n e and b o v i n 
97 
s e rum a l b u m i n 
A number of h e t e r o a r o m a t i c b o r o n compounds 
c o n t a i n i n g B - N - N - g r o u p s a s a n n u l a r u n i t s e . g ^ V I I I and 
I X , w e r e f o u n d t o e x h i b i t I n t e r e s t i n g a n t i b a c t e r i a l 
' 98 
a c t i v i t y . In p a r t i c u l a r d e r i v a t i v e s of t h e l a t t e r 
t y p e were f o u n d t o be s l i g h t l y a c t i v e a g a i n s t g ram 
19 
nega t ive b a c t e r i a . 
OH 
N—SO2R 
V//i x; 
Besides the medic ina l a p p l i c a t i o n s of 
boron compounds, they have a l so been found usefu l in 
biology and industx^y. 
I t i s , t h e r e f o r e , apparent t h a t t h e 
boron-n i t roqen chemis t ry i s very r i c h and f e r t i l e and 
has got a va s t scope., 
CHAPTER I I 
EXPERIMENTAL METHODS 
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EXPERIMENTAL METHODS 
Several physico-chemical methods are ava i l ab l e 
for the study of c o - o r d i n a t i o n compounds» A br ief descr i -
p t i o n of the t echn iques used in the i n v e s t i g a t i o n of the 
newly synthes ized complexes, desc r ibed in the present 
work, seems appropr ia teo The methods used are as follows 
1. Infrared spectroscopy 
2. Parameters and Electronic Spectra 
3. Magnetic Susceptibility 
4. Molar Conductance 
5. Molecular Weight Determination 
1o Infrared Spectroscopy; 
Infrared spectroscopy is the consequence of the 
characterstic property of a compound and can be used 
both to reveal the structure and to establish the bonding 
sites in the new coordination compounds. 
The vibrational and rotational vibrational 
motion of a molecule are responsible for the absorption 
of energy. The rotational vibrational absorption bands 
are usually found in gases and vibrational bands are 
found in condensed gases, liquids and solids. 
When the frequency of the incident infrared 
radiation is the same as the frequency of vibration of 
21 
a given bond in a molecule and there is a change in 
the dipole moment during the vibration, all or a part 
of the incident infrared radiation will then be absorbed 
by the molecule by increasing its natural vibration. 
AS the molecule reverts from the excited state to the 
original ground state, the absorbed energy is released 
in the form of radiation. Radiation is absorbed and 
emitted only in discrete packets called photons. The 
energy of photon is given by : 
E = hV 
Where h = Planck 's constant and 
V = Frequency 
Infrared spectrum is commonly obtained by 
placing the sample in one beam of a double beam spectro-
photometer and measuring the relative intensity of the 
transmitted ( and therefore absorbed) light, energy 
verses wave nun'^r as per centimeter, 
'1'here are 3N-6 degree of freedom or modes of 
vibi.Lion in a non linear molecule (where N is the number 
of atoms) which results in a change in bond lengths oi 
angles in the molecule. Normal modes are defined as tc 
represent independent self repeating motion in a mole-
cule which is a haz-monic oscillator. Sometimes these 
II 
V 
V 
ihrational modes are less than the expected number, 
since the absorption of electromagnetic radiation in 
the IR region is possible only when there is a change 
in the dipole moment of the molecule during the normal 
ibration. If there is no such change it will be 
"infrared inactive". For a particular vibration to be 
IR active the following selection rules have to be 
satisfied: 
1. In order for a molecule to absorb infrared 
radiation there must be a change in the dipole moment 
of the molecule as it vibrates, 
2. In absorption of radiation only those transi-
tions for which change in the vibrational energy level 
i.e.jAV = _+ 1 can occur or the energy of radiation must 
coincide with the energy difference between the excited 
and the ground states of the moleculeo 
The frequencies of certain groups of atom is 
called "group frequency". These frequencies are chara-
cteristic of the groups irrespective of the nature of 
molecule in which these are attached., The absence of 
any band in the appropriate region indicates the absence 
of that particui^ir group in the molecule. Stretching 
frequency can be related to bond order. Thus stretching 
23 
frequency is higher for a triple bond as compared to 
a double bond and so on. 
In addition to the various absorption bands 
of functional groups assigned to the fundamental modes 
of vibration like stretching (symmetric and asymmetric) 
and bending or deformation (scissoring, wagging, twist-
ing and rocking), a spectrum shows overtone and combina-
tion of a absorption which arise from multiples of fun-
damental frequencies and sum and difference of some 
frequencies. Normally overtones and combinations are 
considerably weaker than the fundamental frequencies 
and are not of much significance. 
The IR spectrum of a molecule can be said to 
be its fingerprint since it is characteristic of that 
particular molecule. The bending as well as stretching 
frequencies of most bonds like C-C, C-N, C-X(X= halogen) 
-1 
fall in the finger print region (1300-6 50 cm ). 
In the following paragraphs, only those fre-
quencies which are pertinent to the discussion of the 
newly synthesized compounds will be discussed, 
N-K Stretching Frequency : 
The N-H stretching vibrations occur in the 
-1 99 
region 3500-3300 cm in dilute solutions . Primary 
24 
amines in dilute solutions of non polar solvents give 
two absorption bands in this region due to syminetric 
and asymmetric stretching frequencies. Secondary 
amines, however, show only a single N-H stretching 
absorption in dilute solution in the above mentioned 
region. The position of absorption within this general 
region depends upon the degree of hydrogen bonding and 
hence upon the physical state of the complex or the 
polarity of solvents The N-H stretching absorption 
shifts to lower values in the solid state due to hydro-
100 
gen bonding, which is very common in ureas and thioureas. 
Valuable information has been obtained on the 
structure and tautomerism of many heterocyclic molecules 
and their substituted derivatives, from a study of the 
N-K stretching absorption. In imides the N-K stretching 
• • 1 f^Ci 
absorption appears in 32 00-3100 cm region which is 
somewhat lov^ er than the general region due to the hydro-
gen konding. 
N-H D^f ormation Frequency: 
Secondary aliphatic amines show an extremely 
-1 
weak band in the range 16 50-1550 cm due to N-H defor-
mation vibration and it is difficult to detect this 
band readily. The assignment of this vibration is very 
25 
difficult in case of aromatic amines because of the 
presence of aromatic ring vibrations in this region. 
Hov/ever , secondary acyclic amides in the solid state 
display a band in the region 1570 cm , In dilute 
solutions the band occur in the 1550-1510 cm" region. 
This band results from interaction between the N-H 
bending and C-N stretchi ng of the C-N-K group. A 
second weaker band near 12 50 cm also results from 
interaction between the N-H bending and C-N stretching. 
Ring Stretching Frequencies: 
Characteristic aromatic ring vibrations appear 
in the region 1600-1350 cm" in most of the heterocyclic 
1 01 
compounds . The position and intensity of these vibra-
tions is dependent on the nature of the ring and the 
type of substitution. Six membered ring shows four bands 
at around 1605, 1575, 14 80 and 1430 cm , whereas, five 
menibered rings shov; three bands at around 1590, 1490 
and 1400 cm" . The intensities of these bands give an 
idea of the pattern and the nature of substitution in 
the ring. 
Thfe characteristic pattern of absorption of 
the ring stretching vibrations result from the complete 
interaction of the C=C, C-N and N=N vibrations and it is. 
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t h e r e f o r e , very d i f f j c u l t t o i s o l a t e the d i f f e r e n t 
v i b r a t i o n s . 
0-H Stretchinc; Frequency: 
The o-H s t r e t c h i n g f requenc ies are observed 
in about the same range as N-H frequencies(3550-3400 cm ) . 
However, the observed absorp t ion for N-H i s normally 
narrower than for 0-H. This i s a usefu l means of d i s -
t i n g u i s h i n g N-H and O-K s t r e t c h i n g bands, 
C-H S t re t ch ing Frequency: 
101 The C-}I s t r e t c h i n g f requenc ies are found in 
- -] 
the range 3100-3000 cm . Pyr id ine shov/s C-H absorpt ion 
band in the range 3070-3020 cm , which appears as a 
1 02 
m u l t i p l e absor])tion under high r e s o l u t i o n . The 
p o s i t i o n and number of thtise bands vary with the s u b s t i -
t u e n t s invo lved . The CH„ group shows two c h a r a c t e r s t i c 
bends at. 2 926 and 2 853 cm corresponding t o the in-phase 
and out-of-phasfe v i b r a t i o n of the hydrogen a ton . 
C-H i n - p l a n e and ou t -o f -p l ane Deformation F requenc i e s : 
A number oi c h a i a c t e r s t i c adsorp t ion bands in 
- -1 
the reg ion 1250-1COC cm exh ib i t ed by most of the he te ro-
c y c l i c compounds are a t t r i b u t e d t o C-H in -p lane deforma-
t i o n . Bands appearing in the r eg ion 900-700 cm""" have 
27 
been a t t r i b u t e d t o t h e C-H o u t - o f - p l a n e d e f o r m a t i o n 
v i b r a t i o n s , and t h e p o s i t i o n of t h e s e bands depends on 
t h e number of f r e e hydrogen atoms a d j a c e n t t o one a n o t h e r . 
C=0 S t r e t c h i n g F r e q u e n c y : 
The C=0 s t r e t c h i n g v i b r a t i o n s of v a r i o u s c a r -
104 -1 
bonyl g r o u p s a b s o r b i n t h e r e g i o n 1900-1600 cm . A 
more s p e c i f i c r a n g e i s d e f i n e d by t h e t ype of c a r b o n y l 
( e . g . K e t o n e s , e s t e r s e t c . ) and t h e p o s i t i o n i s f u r t h e r 
a f f e c t e d by a v a r i e t y of e f f e c t s . The f r equency of c a r b o -
ny l a b s o r p t i o n i s d e t e r m i n e d a lmos t w h o l l y by t h e n a t u r e 
of i t s immedia te e n v i r o n m e n t , and t h e s t r u c t u r e of t h e 
r e s t of t h e m o l e c u l e i s of l i t t l e i m p o r t a n c e u n l e s s i t 
i s such as t o g i v e r i s e t o c h e l a t i o n o r some s i m i l a r 
e f f e c t . A l l amides shov/ a s t r o n g a b s o r p t i o n band nea r 
1640 cm whenever , examined i n t h e s o l i d s t a t e . The 
p h y s i c a l s t a t e has t h e d i r e c t i n f l u e n c e on t h e c a r b o n y l 
f r e q u e n c y e . g ^ a c e t o n e a b s o r b s a t 1742 cm i n vapour 
p h a s e , w h e r e a s , i n s o l u t i o n t h e f r e q u e n c y l i e s between 
172 8 and 1718 cm depend ing on t h e s o l v e n t . 
10 5 The C=0 f r e q u e n c y in i m i d e s has been observed 
. 1 i n 1750-1700 cm r e g i o n , w h i l e i n complexes t h e c a r b o n y l 
s t r e t 9 h i n g f r equency f a l l s w i t h i n t h e r ange 1680-1600 cm 
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C-N St re tch ing Frequency: 
The C-N s t r e t c h i n g absorp t ion give r i s e t o 
Strang bands in the r eg ion 1360-1230 cm in aromatic 
99 amines . In primary amines the re i s one band in the 
reg ion 1340-1250 cm but in secondary amines two bands 
• 1 have been observed in the reg ion 1350-1280 cm and 
12 80-1230 cm . The p o s i t i o n of C-N absorp t ion does 
not d i f f e r much from C-C absorpt ion but the i n t e n s i t y 
i s r e l a t i v e l y l a rge because of C-N p o l a r i t y . The C-N 
60 
s t r e t c h i n g frequency in imides i s r epo r t ed t o appear 
a t 1470 cm"^. 
B-H St re tch ing Frequency; 
The t e rmina l D-H s t r e t c h i n g frequency i s found 
-1 in the reg ion 2450-2300 cm in the t r a n s i t i o n metal 
borohydride ' . For tetraethy1ammonium t h i o l o t r i 
108 
hydrobora t e , the B-H s t r e t c h i n g bands have been observed 
at 2340, 2290 and 2220 cm""" . A sharp strong absorpt ion 
-1 109 
at 2 322 cm has been r epor t ed for t e rmina l B-H 
s t r e t c h i n g frequency in n e u t r a l borane adduct t o n i c k e l ( 0 ) , 
I t has been repor ted t h a t the B-H s t r e t c h i n g frequency 
appears in the form of a double t in the region 2460-2250 
cm in anions of the type BH„ L^  (where L=indciZole, 
4l -^ 8 imidazole and t h e i r s u b s t i t u t e d analogues ' j . 
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B-N S t r e t ch ing Frequency: 
The p o s i t i o n o£ the B-N bond absorpt ion of 
va r ious s u b s t i t u t e d amino boranes have been repor ted 
between 1330-1530 cm'" reg ion « For boron complexes 
of some oxygen-ni t rogen conta in ing agents the B-N band 
frequency has been r epor t ed at /- ' I 540 cm* . 
B-0 S t re tch ing Frequency: 
I t has been r epor t ed t h a t B-0 bond i s s t ronger 
than B-N. For boron complexes of some oxygen-ni trogen 
con ta in ing c h e l a t i n g agent the B-0 s t r e t c h i n g frequency 
has been r epor t ed t o appear a t 12 90 cm' . 
M-G S t r e t ch ing Frequency: 
Metal-oxygen s t r e t c h i n g frequency has been 
r epor t ed in d i f f e r e n t r eg ions for d i f f e r e n t metal 
complexes. polymeric complexes of a n i l i n e and t o l u i d i n e 
adducts e x h i b i t one Cu-0 s t r e t c h i n g frequency between 
350-300 cm ' , whereas , the dimeric complexes show one 
-1 112 
or two banas in i,ne 400-300 cm reg ion o For a few 
f i r s t row' t r a n s i t i o n meta l complexes of orthohydroxy-
113 aceto iicnoiie p icol inoyIhyurazone and of s u b s t i t u t e d 
114 2r-ai.iino and 2-acetylamino th ia iJoles , metal-oxygen 
s t r e t c h i n g frequency has been r epor t ed in the reg ion 
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-1 416-382 cm . T r a n s i t i o n metal complexes of Schiff 
base N- (2-bensoxaiJolyl )-N- (2-oxo-3- Indol iny l idene ) 
hydrai i ine, e x h i b i t M-0 band"" ^ in 630-550 cm'"'. For 
hydrazine and phonyIhydrazine metal a c e t y l a c e t o n a t e s 
1 1 f t — 1 
t h i s band has been r epor t ed in 410-430 cm region^ 
respective iy, 
M-X Stretching Frequency; 
The metal halogen stretching vibration usually 
occurs in the far IR region (400-150 cm" ). The M-X 
stretching frequency generally increases as the oxida-
tion number of the metal increases. It is inversely 
proportional to the mass of the metal. 
-1 
The band observed in the region 270-260 cm 
for the coHDlexes of thallium halide with amides and 
ureas, are assiqnod to the bridging M-Cl-M stretching 
1 1 "7 1 1 W 
v i b r a t i o n s ' as the br idging halogen s t r e t c h i n g 
modes are expected t o be in the lower s p e c t r a l region 
119 
as compared t o the t e rmina l one, which i s observed in 
the region 305-2 90 cm" » 
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2 , Parameters and E l e c t r o n i c Spectra 
Ligand f i e l d theory provides a simple model 
for the e l u c i d a t i o n of s t r u c t u r e of t r a n s i t i o n metal 
complexes. 
Light i s absorbed by most of the compounds in 
the s p e c t r a l reg ion between 200-1000 nm. The v i s i b l e 
s p e c t r a l region ranges from 400-700 nm and t h a t of the 
u l t r a v i o l e t one corresponds t o wave length l e s s than 
about 400 nm. 
The spec t r a of complexes may be taken in the 
so l i d s t a t e as wel l as in s o l u t i o n . This may be accom-
p l i shed in t h r e e ways: 
1. A s i n g l e c r y s t a l may be s t u d i e d , in which 
case the obse rva t ion of the absorp t ion spectrum may be 
made in d i f f e r e n t c r y s t a l o r i e n t a t i o n s and with l i g h t 
po l a r i zed in d i f f e r e n t p l a n e s , 
2.. Bands in the i n f r a r ed p a r t of the spectrum 
may be examined wi th the specimen in the form of a mull 
as usua l in i n f r a r ed spec t roscopy , 
3 , The d i f fuse r e f l e c t a n c e spectrum may be taken. 
In t h i s technique the sample i s ground f i n e l y 
and the l i g h t r e f l e c t e d from i t i s examined, i t i s 
u sua l ly advantageous t o gr ind the compound with a s u i t a b l e 
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inert white material, such as magnesium Oxide. Minima 
in the reflected light occur at the absorption bands 
of the complex. Unless the grinding is very thorough 
the band obtained in diffuse reflectance spectra tend 
to be broader and show less structux'e than the one 
recorded in solution or as a simple crystal for the 
same complex<, However, often diffuse reflectance is 
the only method available for the study of the spectrum 
of an insoluble material. The spectra represent plots 
of relative absorbance against energy. 
The representative absorption bands and ligand 
field parameters for some of the transition metal ions, 
used in complex formation are given belowo 
d3, cr^* 
Chromium(III) is the best representative ion 
of a d system and its spectra with various different 
120 ligands are known . Generally chromium (III) complexes 
4 
have octahedral geometries. The ground state A^ is 
the only state of maximum multiplicity arising from the 
configuration t^ . With this ground state following 
three spin allowed transitions are expected for Cr(H O) , 
"^ T (F) ^ "^ A (F) ( = 10 Dq) 17,000 cm"'' 
2g 2g 
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T , g ( F ) ^ % ' ^ ' 2 4,000 cm 
T^g(?) ^ % ( ^ ) 37,000 cm - 1 
The m a g n i t u d e of i n t e r e l e c t r o n i c r e p u l s i o n 
p a r a m e t e r - B and 10 Dq h a v e been c a l c u l a t e d u s i n g T a n a b e -
-1 -1 
Sugano d i a g r a m w h i c h a r e 695 cm and 1 7 , 0 0 0 cm , r e s p e c -
t i v e l y " ' ^ ' ' . 
g , Mn > Fe 
The c o m p l e x e s of m a n g a n e s e ( I I ) , w i t h v a r i o u s 
1 20 l i g a n d s h a v e been e x t e n s i v e l y s t u d i e d . I t s h e x a h y -
d r a t e c o m p l e x w h i c h e x h i b i t s t h e f o l l o w i n g t r a n s i t i o n s 
fo rm a g o o d e x a m p l e . 
T. (G) <e 1g ' 
% ( ^ ) ^ 
% (^) <-
A- (G) -^ 1g 
T^g (D) 
E (D) ^ 
g 
^ig 
i g 
i g 
i g 
i g 
i g 
T, (P) -^ Ig A i g 
1 8 , 6 0 0 cm 
2 2 , 9 0 0 cm' 
24 , 9 0 0 cm' 
2 5 , 1 5 0 cm 
2 7 , 9 0 0 cm' 
2 9 , 7 0 0 cm' 
3 2 , 4 0 0 cm" 
B e i n g m u l t i p l i c i t y f o r b i d d e n a l l t h e s e t r a n s i -
t i o n s h a v e low i n t e n s i t i e s . The l i g a n d f i e l d p a r a m e t e r s 
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B and 10 Dq are 770 cm~^  and 8,500 cm"^ ^ respectively^ ^ \ 
The spectra of tetrahedral ions MnCl and 
MnBr^ " rather resemble with that of the ion Mn(H^O)^ * ^^^ 
The magnitude of 10 Dq in the tetraaquo-ion of manganese 
i s about -2,000 cm which is much smaller than for the 
hexaaquo-ion. 
d , Co 
Octahedral cobalt(II) complexes have three spin 
allowed transit ions and exhibit three absorption bands 
at around 8,000 cm"\ 19,600 cm"'' and 21,600 cm" assigned 
to \^^iF) < \ ^g (F) (V^) , ^^g^^) ^ '^1g<^) 
(V2) and "^T (P) ^. '^ '^ Ig^^^ ^^3^ t rans i t ions , 
respectively. The intensity of V2 t>and is much weaker 
as compared to the other two counterparts as the former 
122 involves two electrons transit ion which i s quantum 
mechanically forbidden. Using the following equations 
which have been derived from the energy matrix of the 
two T^  levels , i t i s possible to obtain the values 1g ^ 
of 10 Dq and B from the position of the V and V- bands, 
1x5= L(2\>^-V3) • (V3 ^V^Vg-V^ )^]/20 (1) 
B = (V3 - 2VT + 10 Dq)/15 (2) 
Using the relationship V^='V' +10Dq, the 
position of V2 b'^ nd can be calculated. The magnitudes 
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of B and 10 Dq have been c a l c u l a t e d u s i n g Tanabe- Sugano 
d iagram which a r e 980 cm" and 9 ,300 cm"^ r e s p e c t i v e l y ^ ' ^ ' ' o 
The t e t r a h e d r a l c o b a l t ( I I ) complexes g e n e r a l l y 
show a b s o r p t i o n bands i n a lower e n e r g y r e g i o n f o r example , 
2 -f o r CoCl. fo l lov / ing t r a n s i t i o n s have been o b s e r v e d . 
"^ T^  (F) < "^ A^  (F) 5,300 cm"'' 
d , Ni 
^T (P) 4 "^ A^  (F) 15 ,000 cm""" 
Six c o o r d i n a t e o c t a h e d r a l n i c k e l ( I I ) complex 
Ni(HTO). e x h i b i t a s i m p l e spec t rum i n v o l v i n g t h r e e s p i n 
a l lowed t r a n s i t i o n s . 
3 T ^ ^ ( F ) ^ ^A^g (F) ( V ^ ) 8,700 cm"'' 
3^^^ (F) ^ ^A^g (F) ( V 2 ) 14 ,500 cm" ^ 
^T^g (P) -^  ^A^g (F) ( V 3 ) 25 ,300 cm"'' 
The m a g n i t u d e s of B and 10 Dq have been c a l c u l a -
t e d w i t h t h e h e l p of Tanabe- Sugano diagrm which come 
ou t t o 905 cm"^ and 8,900 cm" ,, r e s p e c t i v e l y . 
However, t h e s p e c t r a of t e t r a h e d r a l n i c k e l ( I I ) 
complexes e x h i b i t t h e bands i n t h e lower f r equency r e g i o n . 
For example fo r t h e complex [ ( -5^5)3 ^^^2 l2 NiCl2 , fol low-
ing p o s i t i o n s have been o b t a i n e d f o r t h e bands g i v e n below, 
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3 -3 A (F) ^ «^ T^  (F) 7,800 cm" 1 
^ 1 
^T^ (P) ^ 3^^ (F) 16 ,000 cm"''. 
The m a g n i t u d e s of B and 10 Dq a r e 850 cm"^ and -4 ,200 cm"^ 
r e s p e c t i v e l y e 
d , Cu 
The e l e c t r o n i c s p e c t r a of s q u a r e p l a n a r copper 
( I I ) c o m p l e x e s , e x h i b i t weak bands a t around 12 ,800 cm" 
-1 -1 
and 15 ,000 cm w i t h a broad hump a t around 12 ,800 cm . 
2 2 
The former two bands a r i s e due t o B^ . < B 
2g 1g 
2 2 
and A^  4 B. transitions, respectively, 
1g 1g r IT J 
3o Magnetic Susceptibility 
The determination of magnetic moments of 
transition metal complexes have been found to provide 
ample information in assigning their structure. The 
main contribution to bulk magnetic properties arises 
from the magnetic moment resulting from the motion of 
electrons. It is possible to calculate the magnetic 
moments of known compounds from the measured values of 
magnetic susceptibility. 
Substances can be calssified into four distinct 
classes depending on the magnetic behaviour, diamagnetic, 
paramagnetic, ferromagnetic and antiferromagnetic. 
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Diamagnetlc behaviour is shown by the compounds 
containing paired electrons. So it can be said that 
all the compounds are basically diamagnetic <, A diamag-
netic substance can be defined as one which is less 
permeable to magnetic lines of force than vacuum or air. 
Such a substance v;hen placed in a magnetic field aligns 
itself perpendicular to the direction of the field so 
as to allow minimum number of magnetic lines of force 
to pass through it, and there is a net loss in its 
weight. Furthermore, the applied field induces motion 
of electron in such a direction so as to generate a 
magnetic moment which is opposed to it and hence the 
diamagnetic substances are repelled by a magnetic field. 
The diamagnetic effect is a temporary effect and exists 
only in the presence of magnetic field and vanishes as 
soon as the magnetic field is removed. 
However, paramagnetism is a permanent effect 
and exists even in the absence of magnetic field. This 
is shown by the substances containing unpaired electrons. 
Paramagnetic substances are more permeable to the magnetic 
lines of force, so align themselves parellel to the 
direction of the applied field and large number of lines 
of fofce can pass through them. Consequently, there is 
a net gain in the weight of paramagnetic substances when 
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kept in a magnetic field. The field induces motion of 
electron in a direction so as to produce magnetic moment 
which is in the direction of the applied field. 
Substances in which the electrons of adjacent 
paramagnetic sites intereact magnetically with each 
other are ferromagnetic or antiferromagnetic, A ferro-
magnetic substance is one in which the adjacent magnetic 
dipoles are oriented in the same direction. An anti 
ferromagnetic material is one in which adjacent magnetic 
dipoles are oppositely oriented. 
For determining magnetic moment of a substance, 
magnetic susceptibility is measured from which magnetic 
moment can be calculated« 
[Magnetic susceptibility, X, may be defined as 
the ratio of intensity of magnetization induced in a 
substance (I) to the strength of applied magnetic field(H) 
X = ^ = K (3) H 
K i s c a l l e d the magnetic s u s c e p t i b i l i t y per un i t volume, 
This i s simply r e l a t e d t o both the gram suscep-
t i b i l i t y , Xg, and the molar s u s c e p t i b i l i t y ) ^ , 
\ M ( 5 ) 
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Where d and M are the density and molecular weight of 
the substance. 
The magnetic susceptibility is a dimentionless 
quantity which is positive for paramagnetic and negative 
for diamagnatic substances. However, paramagnetic 
substances have a negative diamagnetic contribution to 
their net susceptibility. So for determining correct 
magnetic susceptibility, a diamagnetic correction is 
possible. 
In general, magnetic susceptibility depends on 
temperature, within a certain limit of temperature range 
corr. (20 - 40K)o The dependence of X^ upon temperature 
i s g ive n by 
(7) corr. C 
\ ~ T-0 
Where 6 = Curie - Weiss cons tan t and 
C = Curie cons t an t 
Curie cons t an t has the value 
where N = Avagadro 's number 
K = Boltzman's cons tan t 
M eff = e f f e c t i v e magnetic moment 
B = Bohr magneton 
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The effective magnetic moment,/^ ^ ^^, is a 
quantity of considerable interest to chemists, which 
after substitution of the values of the constants, 
can be represented as 
corr 
eff V •M 
LX --- = ^^^ '^  /^.'. " ' •'^  (^^ 
The magnetic p r o p e r t i e s of any i n d i v i d u a l 
atom or ion r e s u l t s from the combination of spin 
moment of the e l e c t r o n and the o r b i t a l moment r e s u l t i n g 
from the motion of the e l e c t r o n around the nuc leus , 
however, the c o n t r i b u t i o n due t o o r b i t a l moment i s very 
sm a 11 , 
For a f ree paramagnetic i o n , the e f f e c t i v e 
magnetic moment may be c a l c u l a t e d from the formula, 
M-eff ^ ^ ^ ^ ^^^^^^ * ^^°^ 
Where g = Landes spec t roscop ic s p l i t t i n g f ac to r and 
i s given by the formula, 
^ - 1 •*-J(J-H ) + 5(5+1 ) « L(L-H ) . . . . 
V/here J , L and 5 r e f e r t o the ground s t a t e spec t rosco-
p i c t e r m s . 
In canpounds of f i r s t t r a n s i t i o n s e r i e s the 
o rb i t a l - c o n t r i b u t i o n t o the magnetic moment i s almost 
completely quenched by the l igand f i e l d . Hence, by 
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s u b s t i t u t i n g L = 0 and J = s in ecjuation (10) and (11) 
thereby obta in ing g = 2 and the fol lowing spin only 
formula which may be used for appropr i a t e c a l c u l a t i o n 
OfXi^ff, 
yU gf£ = 2 [ S(S • 1 ) ] * (12) 
Because S i s simply one half the number of unpaired 
e l e c t r o n s , the above equat ion may be w r i t t e n a s , 
/^ eff = [ n (n+2) j "^  (13) 
This equa t ion i s s i g n i f i c a n t in study of the 
t r a n s i t i o n metal complexes because the number of unpaired 
e l e c t r o n s may be c o r r e l a t e d with the bonding or s t r u c t u r e 
of the complexes^ 
There are d i f f e r e n t methods, v i z . Gouy method, 
Evan's method and Fa raday ' s method, which are used for 
the measurement of the magnetic s u s c e p t i b i l i t y of the 
complexes, Faraday method can be appl ied for the samples 
which are too small for the Gouy method„ 
The gram s u s c e p t i b i l i t y i s measured by the 
following formula, 
-, ' ^Tn'. ' - s H J — • '< - - <^ '^ 
Where, 
X = gram s u s c e o t i b i l i t y 
g 
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AWlnk = Change i n w e i g h t of unknov/n sample w i t h 
magnet on and of f o 
WlnK = Weight of known sample 
:^!iWstd = Change i n w e i g h t of s t a n d a r d sample w i t h 
magnet on and o f f . 
Wstd = Weight of s t a n d a r d s a m p l e . 
Xstd - gram s u s c e p t i b i l i t y of t h e s t a n d a r d s a m p l e . 
The m a g n e t i c measurements of most of t h e p r e s e n t 
compounds were c a r r i e d ou t on v i b r a t i n g sample magneto-
m e t e r , which d i r e c t l y g i v e s the jH ^^ v a l u e s w i t h o u t d i a -
m a g n e t i c c o r r e c t i o n w i t h t h e h e l p of t h e f o l l o w i n g e q u a t i o n , 
- " e f f = 2 . 8 4 / . . ^ ^ ^ . T.H (15) 
Where, 
R = r e a d i n g of magne t i c moment on magnetometer 
T = a b s o l u t e t e m p e r a t u r e 
M = m o l e c u l a r we igh t of t h e compound 
W = we igh t of t h e sample 
H = a p p l i e d m a g n e t i c f i e l d ( in g a u s s ) . 
The m a g n e t i c moment i s u s u a l l y e x p r e s s e d i n B.M.(Bohr . -
m a g n e t o n ) u n i t s , which may be d e f i n e d a s , 
4A mc 
Where, 
e = E l e c t r o n i c cha rge 
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h = Planck's constant 
m = Mass of the electron 
C = Velocity of light » 
The magnetic moment values of some first row 
transition metal ions for octahedral and tetrahedral 
12 3 124 geometries are given ' in Table 1. 
Table - 1 
The Magnetic Moments of Some First Rov/ Transition Series 
Ions. 
No. of d No. of un-
^^^ electrons paired 
electrons 
74r^<-"-> 
Octahedral 
3 . 8 4 
5 . 8 9 
5 . 9 2 
5 . 1 0 
3 . 2 3 
1 .91 
Tetrahedral 
3 . 4 
5 . 8 8 
5 .94 
4 . 7 1 
4 . 1 
2 . 2 
Cr 
Fe 
3 + 
3 + 
Mn 2 + 
Co 
2 + 
Ni 
2 + 
Cu 
2 + 
3 
5 
5 
7 
8 
9 
3 
5 
5 
3 
2 
1 
4. Molar Conductance: 
The conductivity measurement is very simple 
and easily available technique, used for the character-
ization of coordination compounds. It gives direct 
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in format ion about the i on i c or non i o n i c nature of a 
g iven compound. 
Ohm's law s t a t e s t h a t c u r r e n t s t r e n g t h ( l ) i s 
d i r e c t l y p r o p o r t i o n a l t o the appl ied e lec t romot ive force 
(emf, E) , and i n v e r s e l y p r o p o r t i o n a l t o the r e s i s t ance (R) , 
I - - ^ (16) 
The resistance of any uniform conductor varies 
directly as its lencth (1 cm) and inversely as its area 
of cross section (a sq cm), so that 
R = _1_ ohms (17) 
where , a constant for a given conductor, is 
known as the specific resistance or resistivity, its 
units are ohms cm. The specific conductance of any 
conductor is defined as the reciprocal of the specific 
resistance and may be represented by symbol K. The 
conductance, 'C' is defined as the reciprocal of the 
resistance, so that by equation (17) 
C = K - ~ ohm"'' (18) 
Kohlrausch defined a function called the equi-
valent conductivity( ^  ). 
X = 1000 -~- Ohm""" cm^ (19) 
where C is the concentration of the solution in gram 
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equivalent per liter. 
The following relation is used for determining 
the molar conductance QCM), 
X Cell constant x conductance M ~ concentration of solution 
o 
U s u a l l y , s o l u t i o n s of 1x10 "^M s t r e n g t h a r e 
used f o r t h e c o n d u c t a n c e measurement . Molar c o n d u c t a -
12 5 
nee v a l u e of d i f f e r e n t t y p e s of e l e c t r o l y t e s i n a 
few s o l v e n t s a re g i v e n be low: 
A 1 :1 e l e c t r o l y t e may have a v a l u e of 75-95 Ohm' 
2 - 1 - 1 2 - 1 
cm mole i n n i t r o m e t h a n e , 50-75 Ohm cm mole i n 
DM SO, 6 5-90 Ohm""* cm mole""'' i n DMF and 80-115 Ohm""" cm 
1 
mo l e i n m e t h a n o l . S i m i l a r l y a s o l u t i o n of 2:1 e l e c t r o -
-1 2 -1 
l y t e may have a v a l u e of 150-180 Ohm cm mole i n 
-1 2 -1 
n i t r o m e t h a n e , 130-170 Ohm cm mole i n DMF and 160-
-1 2 -1 
220 Ohm cm mole i n m e t h a n o l . 
5 . M o l e c u l a r Weight : 
Molecu l a r w e i g h t d e t e r m i n a t i o n i s u s e f u l f o r 
d e c i d i n g t h e c o m p o s i t i o n of a m o l e c u l e . V a r i o u s methods 
a r e a v a i l a b l e t o d e t e r m i n e t h e m o l e c u l a r we igh t of a 
g i v e n compound. 
1 . Osmotic P r e s s u r e Method 
2 . S e d i m e n t a t i o n Method 
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3 . Light Sca t t e r i ng Method 
4 « Vi scos i ty Method 
Vi scos i ty method has been used t o detei'mine 
the molecular weight of a few compounds in the p re sen t 
work. The method commonly employed i s based on Poise-
u i l l 's law which connects the r a t e of flow of a l i q u i d 
through a c a p i l l a r y tube with the c o e f f i c i e n t of v i sco-
s i t y of the l i qu id and i s expressed by the equa t ion , 
where v i s the volume in c . c . of the l i qu id tlov/ing in 
t seconds through a narrov/ tube of r a d i u s r cm. and 
leng th 1 cm. under a h y d r o s t a t i c (dr iv ing) p ressure of 
P dynes per square cen t imeter a n d ' [ i s the c o e f f i c i e n t 
of v i s c o s i t y in p o i s e . 
Since the hydrostatic pressure P of a liquid 
column is given by 
P = hdg (21) 
where h is the height of the column and d the density 
of the liquid, the Poiseuille 's equation (20) may be 
written as 
T| . -i4|if^ (22, 
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I t i s not necessary t o measure a l l q u a n t i t i e s 
on the r i g h t hand s ide of the above equa t i on . The 
v i s c o s i t y of water a t d i f f e r e n t t empera tures has been 
very accu ra t e ly determined„ The usual procedure i s t o 
determine the v i s c o s i t y of a l i q u i d wi th r e fe rence t o 
t h a t of wa te r . This i s termed as r e l a t i v e v i s c o s i t y . 
The time of flow for equal volumes of water and the 
l i qu id under examination through the same c a p i l l a r y i s 
measured, if t^ and ty are the t imes of flow of the 
same volumes of water and l i q u i d , r e s p e c t i v e l y and "^ 
a n d ^ 2 ^^^ t h e i r r e s p e c t i v e c o e f f i c i e n t of v i s c o s i t y , 
then 
LI ^ 7\ r^^tihd^g ^ 8 v l ^23) 
^^ 2 8 vl ~3^T^I^hd^7~ 
The value of h will be the same in both cases 
since equal volumes of both liquids were taken and they 
will stand at the same height. 
^^  = _J I (24) 
where d and d are the densities of water and liquid 
respectively. 
The Ostwaid 's viscometer is used for measuring 
viscosity by above method. 
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r\. 
Similarly, - ; — - = -g ~ (25) 2 _ 2 2^ 
.3 ~ ^3 ^3 
where''^ , d and t are viscosity, density and time of 
flow of the solution^respectivelyo 
Knowing the coefficients of viscosity of water 
( ' 1 ^ ) and of solvent ('^2 ) ' ^ ^ ^ ^ ^^ solution ( 'H.) can be 
calculated by the relations (24) and (2 5). 
12 6 Viscosity of a solution is related to i ts 
density by the following equation, 
'^3 = V 3 S ^26) 
where k is a constants 
Specific viscosity'^ is given by the relation 
n I s o l n . ~ 1- s o I v , 
^P \ so IV, 
• ^ 71 ^^3 - " ^ 2 , . , _ , 
1 . e „ ' 1 = rr • (27) 
f - s p ' > ^ 
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Specific viscosity is related to the molecu-
lar weight of the compound by the equation, 
^sp = ^ S ^ ('^ )^ 
'^^ M = ' i ^ (29) 
where c is the concentration in gm/ml. 
Knowing the K and "^  from equation (26) and 
(2 7) respectively, the molecular weight of a compound 
can be calculated by using equation (29)» 
CHAPTER - I I I 
SYNTHESIS AND CHARACTERIZATION OF 
POTASSIUM DIHYDROBIS-, -HYDROTRIS-
AND -TETRAKIS(PHTHALIMIDYL)BORATES 
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Introduction 
P h t h a l i m i d e h a s been r e p o r t e d t o be e s s e n t i a l l y 
a p l a n a r m o l e c u l e w h i c h i s a s s o c i a t e d i n c e n t r o s y m m e t r i c 
p a i r s t h r o u g h h y d r o g e n b o n d i n g i n t h e s o l i d s t a t e . I n 
p a r t i c u l a r p h t h a L i m i d e c r y s t a l s a r e m o n o c l i n i c , ( s p a c e 
12 7 g r o u p P ^ , , } w i t h f o u r f o r m u l a u n i t s i n t h e c e l l 
^ ^ 2 1 / n 
On t h e b a s i s of i n f r a r e d s p e c t r a l s t u d i e s , t h e 
e x i s t e n c e of an i s o m e r i c e q u i l i b r i u m b e t w e e n -C —NH and 
/^^ 105 
-C=N h a s been r e p o r t e d . The s t r u c t u r e of p h t h a l i m i d e 
m o l e c u l e may be r e p r e s e n t e d by t h e f o l l o w i n g c a n o n i c a l 
f orm s . 
{a) (b; c c ; 
Phthalimide readily loses a proton to form an 
anion, which acts as a nucleophile or as a donor ligand. 
It is, evident that the free phthalimide molecule may 
provide three active sites for coordination to metal by 
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coordinating through the imino nitrogen atom as well as 
the carbonyl oxygen atoms as shown below: 
(d) ce; (f) 
1 > a 
I t has been shown " t h a t the fusion of pota-
ssium phthal imide with the a lky l or phenyl s u b s t i t u t e d 
pyridinium s a l t r e s u l t s in the formation of N-alXyl or 
N-phenyl phtha l imide in good y i e l d , i n d i c a t i n g a f e a s i -
b i l i t y of the formation of a d d i t i o n a l N-C bond in phtha-
l imide moiety . I t i s , q u i t e ev iden t t h a t the boron and 
carbon atoms are not very d i f f e r e n t in t h e i r s ize and 
bonding c h a r a c t e r i s t i c s and, t h e r e f o r e , i t was thought 
worthwhile t o s u b s t i t u t e hydrogen by boron atom following 
the well e s t a b l i s h e d rou t e by choosing potassivun t e t r a -
hydroborate anion. 
. I t has been mentioned in chapter I t h a t the 
ohthal imide i t s e l f and a few of i t s s u b s t i t u t e d cinaiogues 
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are used dS insecticide, funcicide, herbicide, plant 
protecting aqent and as anticorrosive agent. Due to 
the great potential of phthciliniide molecule it has 
been of interest to synthesize some new compounds of 
phthalimide containing B-N bond. 
The liganQs potassium dihydrobis-, -hydrotris-
and -tetrakis(phthalimidyl)borates have been synthesized 
and characterized on the basis of elemental analyses, 
molar conductance, molecular weight determinations and 
infrared spectral studieSo 
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EXPERIMENTAL 
The results of the elemental analyses for 
carbon, hydrogen and nitroqen were directly obtained 
from the microanalytical laboratory of the Chemistry 
Department of Science College, Calcutta. The molar 
conductance ot 10 M solutions in methanol were 
measured at room temperature using the "Systronics" 
conductivity bridge. The molecular weight determina-
1 26 
tions were done utilizing viscosity measurements 
in methanol by Ostwald's Viscometer. The infrared 
spectra in the range (4000-600 cm ) were recorded as 
Nujol mull on a SP3-100 Pye Unicam spectrophotometer 
at the instrumentation centre of Chemistry Department, 
Aligarh riuslim University, Aligarh. 
Reaoents Used 
Phthalimide (Ferak, Berlin) mp 238*^C and pota-
ssium borohydride (SDH, England) were used as received, 
Dimethylformamide (Veb Jenanphar, GDR) was dried by 
treatment with potassium hydroxide followed by distilla-
tion (b.p. 153°C)c 
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Synthesis of Potassium Dihydrobis-, Hydrotris- and 
Tetrakis(Phthallmldyl) Borates. 
For the synthesis of dihydrobis (phthalimidyl) 
borate a mixture of potassium borohydride {0.37g, 6.85 
mmol) and phthalimide (2g, 15.03 mmol) in a 1:2 molar 
ratio was ground to a fine powder in a mortar, then 
transferred into a 200 ml round bottomed refluxing 
flask and was refluxed with dimethyl formamide (100 ml) 
over a heating mantle, foi~ about 15 hours. The reaction 
proceeded instantaneously with the evolution of hydrogen 
gas. The volume of the gas collected over water was 342 
o 
ml (at 37 C) which is almost equal to the calculated 
volume, correspondinvg to two moleSo \'/tion the gas ceased 
to evolve the colour of the solution changed from light 
yellow to oranae„ The orange solid obtained after re-
fluxing for 15 hours was filtered off and washed thoro-
ughly with ethyl alcohol repeatedly, then dried in vacuo. 
The solid which changed on dryness to yellow colour was 
finally recrystal lized from methanol (yield 40*^). 
The procedure involved for the preparation of 
hydrotris and tetrakis(phthalimidyl)borates was similar 
to th^t of potas.'-.ium dihydrobis (phtha limidyl) borate , 
described above, excepting the ratio of the reactants 
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and the r e q u i r e a r<itluxing time for the completion of 
the r e a c t i o n . In the case of potassium h y d r o t r i s ( p h t h a -
l i m i d y l ) b o r a t e , a mixture of 1 :3 molar r a t i o of pota-
ssium borohydride (0.2022g, 3.74 mmol) and phthai imide 
(2 ,0a , 15.03 mmol) was refluxed in dimethyl formamide 
(100 ml) for about 24 hours u n t i l l a l l the c a l c u l a t e d 
(equiva lent to t h r e e moles) hydrogen gas was evolvedo 
For the p r epa ra t i on of t e t r a k i s l igand a 
mixture of 1:4 molar r a t i o of potassium borohydride 
(0.1836Q, 3.40 mmol) and ph tha i imide(2g , 15.03 mmol) 
was ref luxed in dimethyl formamide (100 ml) for about 
36 hours . The volume of the gas c o l l e c t e d was almost 
equal t o thf c a l c u l a t e d volame, corresponded t o four 
moles of hydrogen» The r e s u l t i n g orange coloured pro-
d u c t s of both the above r e a c t i o n s were f i l t e r e d , v/ashed 
wi th etVier and vacuum d r i e d . The produc ts were r e c r y s -
t a l l i z e d from methanol and f i n a l l y d r ied in vacuo at 50 Cc 
The y ie ld for corresponding h y d r o t r i s and t e t r a k i s 
l i gands were 65% and 10% r e s o e c t i v e l y . 
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Characterization of Potassium Dlhydrobls-,-Hydrotrls-
and -Tetrakis(phthalimidyl)Borates. 
The colour, decomposition temperature^molecular 
weights and the analytical data which agreed well with 
the stoichiometries of respective ligands have been sum,n-
arized in Table-2, In the formation of these ligands the 
imino hydrogen of two three and four phthalimide moieties 
has been replaced together with the corres.Donding two, 
three and four hydrogen atoms of the borohydride moiety 
to create two, three and four boron-nitrogen bonds for 
dihydrobis, hydrotris and tetrakis ligands respectively. 
The formation of these ligands has been ascertained by 
measuring two, three and four moles of hydrogen gas 
during the course of their syntheses. The results of the 
elemental analyses and the determination of their molecular 
weights support their formulation as K [H2B |c H^ (00)2 NJ2 ]» 
K [ H B | C H^ ( C 0 ) 2 N } 1 &K [B<[C^H^ (Co)2N"k] for potassium di-
hydrobis, hydrotis and tetrakis(phthalimidyl)borates res-
pectively. The molar conductance values in methanol showed 
ionic nature of these ligands. The reactions for their 
formation may be represented as: 
2C^H^(CO)2NH • KBH^ > K* [H^ B {c^H^ (CO) ^  N L j • 2W^ (30) 
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SC^H^CCO^NH + K3H^ > K * [ H B (c^H^ (CO) ^ N J g ] ^SH^ (31) 
4C^H^(CO)2NH + KBH^ > K"" [B {c^H^ (CO) ^ N 1^1 +4H2 (32) 
T h e s e l i g a n d s w e r e f i n a l l y c h a r a c t e r i z e d by 
a n a i y s i n n t h e i r i n f r a r e d s p e c t r a . The c h a r a c t e r i s t i c 
b a n d s of p h t h a l i m i d e and t h e l i g a n d s h a v e been t a b u l a t e d 
i n T a b l e - 3 . The s p e c t r a of a l l t h e t h r e e l i g a n d s d o n o t 
show any band i n t h e N-H s t r e t c h i n g f r e q u e n c y r e g i o n . 
The N-H s t r e t c h i n g f r e q u e n c y band i n f r e e p h t h a l i m i d e 
,60 - 1 
h a s been o b s e r v e d a t 3160 crn . The a p p e a r a n c e of a 
- 1 
weak a o u b l e t i n t h e 2 4 0 0 - 2 320 cm r e g i o n f o r p o t a s s i u m 
d i h y a r o b i s ( o h t h a l i m i d y 1 ) b o r a t e i n d i c a t e s t h e p r e s e n c e 
of B-H l i n k a o e ' w h i l e a s i n g l e band of medium i n t e n -
s i t y o b s e r v e d a t 2 3'i5 cm c h a r a c t e r i s t i c of B-H s t r e t c h -
i n g f r e q u e n c y shov/s t h e p r e s e n c e of a s i n g l e B-H u n i t i n 
t h e p o t a s s i u m h y d r o t r i s ( p h t h a l i m i d y l ) b o r a t e . Absence of 
any band i n t h i s r e g i o n f o r t h e c o r r e s p o n d i n g t e t r a k i s 
l i g a n d shows t h a t a l l t h e f o u r h y d r o g e n s of b o r o h y i r i d e 
m o i e t y h a v e been r e p l a c e d t o g e t h e r w i t h t h e i m i n o h y d r o g e n 
of p h t h a l i m i d e r i n c j , f o r m i n g f o u r b o r o n - n i t r o g e n b o n d s . 
The f o r m a t i o n of b o r o n - n i t r o g e n b o n d s i n t h e s e l i g a n d s 
12 9 h a s been c o n f i r m e d by t h e p r e s e n c e or a new i n t e n s e 
-1 band i n 136 '5-13 80 crn r e g i o n . H o w e v e r , i n c a s e s of 
d i h y d r o b i s ana h y d r o t r i s l i g a n d s b r o a d band i n 3 4 4 0 - 3 4 6 0 
•H 
V) 
tn 
0 
c 
0) 
-P 
(^  
0 
E 
•H 
•P 
0 
M-4 
10 
C 
ffl 
)^  
(0 
u 
m 
c 
H 
•p 
V 
00 
I 
a; 
r-i 
Xi 
in 
EH 
•H 
E 
•ri 
M 
ro 
+J 
x: 
D. 
•H 
(C 
4J 
I 
c 
CO 
• H 
u 
•p 
0 
I 
01 
0 
C 
•H 
o 
•p 
2; 
en 
c 
•H 
o 
-p 
I -P 
U CO 
c 
(J 
-P 
0) 
u 
•p 
c 
II 
U CO 
c 
X. 
o 
• p 
I -P 
PC CO 
c 
H 
,C 
'd 
X M 
1 - P 
CQ CO 
CO 
C 
:3 
0 
a 
e 
0 
u 
AJ 
O 
vO 
f 1 
in 
QJ 
• H 
E 
•H 
H 
fO ;r 
- P 
CO 
> 
a") 
3 3 
O 
3 
O 
^ 
(N 
o 
rs> 
«n 
CM 
lO 
iD 
00 
OJ 
(N 
r-'-, 
2 
(N 
'^> 
o 
u 
-—' 
•^  
X 
vD 
^ 
CQ 
CM 
X 
1 I 1 
00 
I - ' ^ 
s (N 
.^ —N 
o 
u 
'— 
•t 
X 
vO 
1-::-^  
CQ 
X 
CO 
o 00 
oo 
o 
00 
00 
o 
r-00 
I f 
2 
O 
U 
X 
52 
::^  
5-9 
crn rea ion sugces t s the presence of in t r amolecu la r 
hydrogen bonding between the carbonyl oxygen and boro-
hydride hydrogen atom in both the moleculeSo This i s 
f u r t h e r su[)ported by the cons ide rab le negat ive sh i f t i n 
the carbonyl s t r e t c h i n g f r equenc ies in these l iqands from 
t h a t observed in the f ree phthalmide . The C-N and c-H 
-1 
s t r e t c h i n g f requenc ies appear i n 1475-1420 cm and 
2840-2920 cm" reg ions r e s p e c t i v e l y . 
In the l i g h t of above d i s c u s s i o n the s t r u c t u r e 
of d i h y d r o b i s , h y d r o t r i s and t e t r a k i s bo ra t e s may be 
r ep resen ted by the Figures X, XI and x i l r e s p e c t i v e l y . 
K 
Figure X 
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CHAPTER - IV 
COORDINATING PROPERTIES OF DIHYDROBIS-, 
HYDROTRIS- AND TETRAKIS(PHTHALIMIDYL) 
BORATE ANIONS 
£2 
Introduction 
In the preceeding chapter the valence bond 
picture of phthalimide molecule exhibiting the resona-
ting structures has been discussed, and it has been 
emphasized that phthalimide can provide three potential 
sites for coordination to metal ions. However, due to 
some steric limitations all the three sites cannot be 
simultaneously involved in coordination to the same metal 
, 68 ion 
It is, therefore, evident that the phthalimide 
moiety can either coordinate through the negatively 
charged nitrogen or the carbonyl oxygen atom. It has 
been suggested that the nitrogen of the phthalimide is 
more likely donor than the carbonyl oxygens, albeit, it 
is possible that the latter sites may also act as poten-
tial coordinating centres. This kind of coor^dination 
has been shown to exist in adducts of some of the group 
52 IV and V metal halides as well as in complexes of a 
1 05 few divalent transition metal ions with phthalimide. 
In a number of divalent and trivalent transition metal 
complexes with phthalimide anion e.g. amine complexes of 
130-13i 
Co (II), Fe(ll) and Fe(II]) phthalimide, the coordination 
is through the nitrogen atom. 
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O b s e r v a t i o n o£ a n e g a t i v e s h i f t i n c a r b o n y l 
1 30 
s t r e t c h i n g f r e q u e n c y i n t h e s e c o m p l e x e s h a s b e e n e x p l a i n e d 
a s f o l l o w i n g : t h e n i t r o g e n h a s an o r b i t a l c o v a l e n t l y bonded 
t o t h e m e t a l and an o r b i t a l p e r p e n d i c u l a r t o t h e p l a n e of 
t h e p h t h a l i m i d e , t h i s f i l l e d o r b i t a l on n i t r o g e n would 
t e n d t o d i r e c t a g r e a t e r e l e c t r o n d e n s i t y t o t h e C=0 bond 
w h i c h i n t u r n wou ld t e n d t o i n c r e a s e t h e c a r b o n y l s t r e t c h -
i n g f r e q u e n c y . Hov/evcr , t h e o t h e r f a c t o r s s u c h a s o c - m a s s 
1 33 
e f f e c t and h y d r o g e n b o n d i n g t e n d t o d e c r e a s e t h e f r e -
q u e n c y , c o n s e q u e n t l y an i n t e r m e d i a t e v a l u e i s o b t a i n e d . 
The f o l l o w i n g v a l t n c e bond f o r m u l a would e x p l a i n 
l o w e r bond o r d e r of C=0 bond a n d , t l T e r e f o r e , a l ower 
f r e q u e n c y . 
0 
rN:^-M QQN^.M 
0 
N^M 
(9) (hJ ( i j 
The foremost interest of this work has been to 
investigate the effect on the coordinating ability of 
nitrogen by the formation of the new N-B bond and also 
to rationalize the potentiality of the carbonyl oxygen 
64 
i n t h e p r e s e n c e of such env i ronn ien t s 
Al l t h e t h r e e l i q a n d s , p o t a s s i u m d i h y d r o b i s - * 
h y d r o t r i s - and t e t r a k i s ( p h t h a l i m l d y l ) b o r a t e s , have 
been used t o s y n t h e s i z e m e t a l complexes of c : r ( I I T ) , 
F e ( I I I ) , M n ( I I ) , C o ( I I ) , N i ( I l ) and Cu(IT) i o n s and 
a l s o of Z n ( I I ) , C d ( l l ) and H g ( I I ) i o n s . 
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EXPERIMENTAL 
The r e s i i i t s of t h e e l e m e n t a l a n a l y s e s f o r 
car)-K)n, hydroa^-n and n i t rocTon w e r e d i r e c t l y o b t a i n e d 
from t h e m i c r o a n a l y t i c a l l a b o r a t o r y of t h e c h e m i s t r y 
D e p a r t m e n t o t Sc i t - n e e C o l l e g e , C a l c u t t a . The e s t i m a -
1 34 
t i o n o i h a l o o e n was d o n e g r a v i m e t r i c a l l y , by f \ i s i n g 
a known amount o t t h e compounds w i t h f u s i o n m i x t u r e 
(KNO and Na CO ) . The m e t a l s w e r e e s t i m a t e d by 
c o m p l e x o m e t r i c t i t i a t i o n "^  w i t h s t a n d a r d EDTA s o l u t i o n 
by d e c o m p o s i n g a knov/n amount of c o m p l e x e s w i t h a 
m i x t u r e OL n i t r i c , p e r c h l o r i c and s u l p h u r i c a c i d S c The 
i n f r a r t - d and f a r i n f r a r e d s p e c t r a ( 4 0 0 0 - 2 0 0 cm ) i n 
KBr and N u j c l mu l j were r e c o r d e d on a P e r k i n Elmer 
s r ^ e c t r o o h o t o m e t e r mode l 621 a t C e n t r a l S a l t s and M a r i n e 
R e s e a r c h I n s t i t u t e , (CSMRI), B h a v n a g a r , G u j r a t . M a g n e t i c 
s \ i s c e p t i L i l i t i e s w e r e c a r r i e d o u t u s i n g v i b r a t i n g s a m p l e 
M a o n e t o m e t e r (VSK) mode l 155 a t room t e m p e r a t u r e a t 
U n i v e r s i t y S e r v i c e and i n s t r u m e n t a t i o n C e n t r e (USIC) , 
R o o r K e e . D i f f u s e r e f l e c t a n c e s p e c t r a ( 4 0 0 - 1 0 0 0 nm) were 
r e c o r d e d on a C a r l - Z e i s s VSU-2P s p e c t r o p h o t o m e t e r u s i n g 
MgO a s a r e t let t a n c e s t a n d a r d i n t h e C h e m i s t r y Departmei-it 
of Cur u llanaK Dcv W n i v o i S L t y , A i n r i t s a r . 
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I^ e ag e nt s 
Al.) the metal chlorides nainely, Chromium (III) , 
iron (III), manqnnfcse (IJ) , Cobalt(II), nickel(II), 
copper(II), Zinc(II), Caamium(II) and mercury(II) 
chlorides (all BDH reagents) were used as receivedo 
PREPARATION OF THE COMPLEXES 
Chlorobis [dihydrobis(phthallmidyl)borate]Chromium(III) : 
For a 1 :3 metal chloriderligand molar ratio, 
potassium dihydrobis(phthalimidyl) borate, 1 ,0q (2.S mmol) 
and chromivim (III) chlor ide , ^^ 0 . 2 b7 8 g (0.96 mmol) were 
separately dissolved in distilled water. Both the solu-
tions were tilteie(i and then the ligand solution was 
poured into the ice cold solution ol metal with continu-
ous stirring. The blackish green precipitate which 
appeared after keeping the solution at 10 C for about 
eight hours, v/as filtered oft, washed thoroughly with 
distilled water, tilJ the filtrate became free from 
chloride. It was finally washed with ethyl alcohol and 
67 
was dried in vacuum desiccator over calcium chloride. 
Chlorobis [dihydrobis(phthalimidyl)boratojiron (III). 
Potassium dihydrobis(phthalimidyl)borate 1 .Og 
(2.9 mmol) and iron(III) chloride 0.2616 g (C.9 mmol) 
were separately dissolved in distilled watero The metal 
solution was cooled down by keeping it in an ice cold 
bath and to it the ligand solution was slov/ly added with 
continuous stirring. This solution mixture was kept at 
10°C for about six hours. The dark brown solid thus 
obtained, was filtered off, washed repeatedly with dis-
tilled water and ethyl alcohol and was finally dried in 
vacuoc 
Chloro [dihydrobis (phthalimidyl )boratp J manganese (IIj_: 
The ligand, 1.0 g (2.9 mmol) and manganese(II) 
chloride 0.2876 g (1.4 mmol) solutions were made separa-
tely in distilled water. Both the solutions were fil-
tered off and cooled dov/n in an ice cold bath, then the 
ligand solution v;as slov;ly poured into the metal solution 
with stirring. After keeping this solution mixture at 
10 C for about six hours, a yelJ.owish brown precipitate 
appeared, which was isolated in the manner described above 
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Chloro [ d l h y d r o b i s ( p h t h a l i m l d y l ) b o r a t o ] C o b a l t ( I I ) : 
A yellow coloured p r e c i p i t a t e anpeared a f t e r 
keepinq the aqueous so lu t i on mixture of the l iqand i ^Cg 
(2.9 mmol) and C o b a l t ( I I ) c h l o r i d e 0.3459 g (1.4 mmol) 
a t 10 C for about seven hours . The so l i d was i s o l a t e d 
as descr ibed above. 
Chloro [ d i h y d r o b i s ( p h t h a l i m i d y l ) b o r a t o ] n i c k e l ( I I ) : 
The aqueous liganci s o l u t i o n 1 .Cg (2.9 mmol) was 
added t o an aqueous ice cold s o l u t i o n of n i c k e l ( I I ) 
c h l o r i d e , 0.3455 g (1.4 mmol), wi th cont inous s t i r r i n g . 
The l i g h t green p r e c i p i t a t e which appeared a f t e r keeping 
the so lu t i on mixture at 10 C for about s ix hours was 
f i l t e r e d off, washed thoroughly with water and e thy l 
a lcohol and then f i n a l l y d r i ed in vacuo. 
Chloro [ d i h y d r o b i s ( p h t h a l i m i d y l ) b o r a t o ] C o p p e r ( I I ) : 
A dark blue coloured so l id appeared a f t e r keep-
ing the s o l u t i o n mixture of potassium d i h y d r o b i s ( p h t h a l i -
midyl ) borate , 1 .Og (2.9 mmol) and copper ( I I ) c h l o r i d e , 
0.2471g (1.4 mmol) at 1G°C for about e i g h t hour s . This 
was f i l t e r e d off, washed r e p e a t e d l y wi th d i s t i l l e d water 
and f i n a l l y with e t h y l a lcohol and was d r i ed in vacuo. 
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T r l s [ h y d r o t r l s ( p h t h a l i m i d y l ) b o r a t e ] Chromium(III) ; 
Potassium h y d r o t r i s ( p h t h a l i m i d y l ) b o r a t e , 1 .Cg 
(2.1 mmol) and chromium(III) c h l o r i d e , ~ 0 . 1 8 7 6 g (0.7 mmbl) 
were s epa ra t e ly d i s so lved in d i s t i l l e d watero The hot 
l igand so lu t i on was poured i n t o the hot metal s a l t solu-
t i o n with cont inuous s t i r r i n g . The p r e c i p i t a t e which 
appeared a f t e r hea t ing the s o l u t i o n mixture on water bath 
for about s ix hou r s , was f i l t e r e d off, washed repea ted ly 
with water t i l l the f i l t r a t e became f ree from c h l o r i d e . 
I t was f i n a l l y washed with e t h y l a lcohol and dr ied in 
vacuo. 
T r i s [ h y d r o t r i s ( p h t h a l i m i d y l ) b o r a t o ] i r o n ( I I I ) : 
The hot aqueous s o l u t i o n of the l i g a n d , 1.Og 
(2.1 mmol) was g radua l ly added t o t h e ^ 0 , 1 8 9 5 g (0.7 mmol) 
hot i r o n ( I ] I ) c h l o r i d e s o l u t i o n a l so in water with s t i r r -
i n g . The p r e c i p i t a t e which obta ined a f t e r heat ing the 
s o l u t i o n mixture on water bath for about seven hours 
was i s o l a t e d as descr ibed above„ 
Bis [ h y d r o t r i s ( p h t h a l i m i d y l ) b o r a t o ] manganese ( I I ) : 
A 1 :2 metal ch lo r ide : l igand molar r a t i o was 
taken for d i v a l e n t metal i o n s . The l igand i.Go (2.1 mmol) 
and manganese ( I I ) ch lo r ide 0.2083(1.1 mmol) were separably 
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d i s so lved in d i s t i l l e d wa te r . After heat ing the solu-
t i o n mixture on a water bath for about e igh t hours a 
yellow coloured p r e c i p i t a t e appeared which was f i l t e r e d 
off , washed with water and e t h y l a lcohol and was f i n a l l y 
d r i e d in vacuo. 
Bis [ h y d r o t r i s ( p h t h a l i m i d y l ) b o r a t e ] c o b a l t ( I I ) : 
A yellow coloured p r e c i p i t a t e appeared on heat-
ing the s o l u t i o n mixture of potassium h y d r o t r i s ( p h t h a l i -
midyl) b o r a t e , 1 .Og (2.1 mmol) and c o b a l t ( I I ) ch lo r ide 
0.2505g (1.1 mmol), for about e i g h t hours on a water ba th . 
I t was i s o l a t e d in the manner descr ibed above. 
Bis [ h y d r o t r i s ( p h t h a l i m i d y 1 ) b o r a t e ] n i c k e l ( I I ) : 
An aqueous so lu t i on of the l igand i.Cg (2.1 mmol) 
was g r adua l l y added t o the aqueous so lu t i on of n i c k e l ( I I ) 
c h l o r i d e 0.2495g (1.1 mmol) with cont inuous s t i r r i n g , 
and was heated on a water bath for about e i g h t hours . 
The so l id thus obta ined was f i l t e r e d off, washed thoro-
ughly with water and e t h y l a lcohol and was vacuum d r i e d . 
Bis [ h y d r o t r i s ( p h t h a l i m i d y l ) b o r a t e ] c o p p e r ( I I ) : 
The l igana i .Cg (2.1 mmol) and copper ( I I ) chlo-
0.1789g(1.1 mmol) s o l u t i o n s were made s e p a r a t e l y in d i s -
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t i l l e d water and then the hot l igand s o l u t i o n was slov/ly 
poured i n t o the hot metal s a l t s o l u t i o n with continuous 
s t i r r i n g . The product obta ined a f t e r hea t ing the so lu t ion 
mixture on a water bath for about s ix hours was i s o l a t e d 
as desc r ibed aboveo 
T r i s [ t e t r a k i s ( p h t h a l i m i d y l ) b o r a t o ]chromium(II I ) : 
The aqueous s o l u t i o n of potassium t e t r a k i s 
(ph tha l imidy l )bo ra t e 1,0g (1.6 mmol) was added t o an 
aqueous s o l u t i o n of chromium(III) c h l o r i d e ^ 0 . 1 4 6 3 g 
(0.6 mmol) under hot c o n d i t i o n s and t h i s s o l u t i o n mixtiore 
was s t i r r e d on a magnetic s t i r r e r for about t en hour s . 
The d i r t y green coloured product ob ta ined , was f i l t e r e d 
off, washed thoroughly wi th water and e t h y l a lcohol and 
was f i n a l l y d r ied in vacuo. 
T r i s [ t e t r a k i s ( p h t h a l i m i d y l ) b o r a t o ] i r o n ( I I I ) : 
A mixture of aqueous potassium t e t r a k i s ( p h t h a l i -
midyDbora te 1 «Og (1 o6 mmol) and i r o n ( I I I ) ch lo r ide 
0. l485g (0.6 mmol), was s t i r r e d on a magnetic s t i r r e r 
for about ten h o u r s . The so l id thus obtained was f i l t -
ered off washed r e p e a t e d l y wi th d i s t i l l e d water and e t h y l 
a lcohol and was d r i ed in vacuo. 
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Bis L t e t r a k i s ( p h t h a l i m i d y l ) b o r a t o ] manganese ( I I ) : 
For a 1 :2 metal c h l o r i d e : l igand molar r a t i o , 
manganese ( I I ) c h l o r i d e 0o1634g (0 „ 3 mnol) and ligand 
1 .Og (1.6 mnol) were d i s so lved s e p a r a t e l y in d i s t i l l e d 
wa t e r . After f i l t e r i n g both the s o l u t i o n s , were kept 
on a water bath for about half an hour . Then the hot 
l igand s o l u t i o n was slowly added to the hot metal s a l t 
s o l u t i o n wi th cont inuous s t i r r i n g . A yellow coloured 
p r e c i p i t a t e , which appeared a f t e r s t i r r i n g the so lu t ion 
mixture on a magnetic s t i r r e r for about ten hours , was 
f i l t e r e d off, washed r e p e a t e d l y wi th d i s t i l l e d water t i l l 
the absence of c h l o r i d e ion has been confirmed. i t was 
washed f i n a l l y wi th e t h y l adcohol and was vacuum d r i e d . 
Bis [ t e t r a k i s ( p h t h a l i m i d y l ) b o r a t o ] c o b a l t ( I I ) : 
Potassium t e t r a k i s ( p h t h a l i m i d y l ) b o r a t e 1 .Og 
(1.6 mmol) and c o b a l t ( I I ) c h l o r i d e 0.1964g (O.Bmmol) 
s o l u t i o n s were made s e p a r a t e l y in d i s t i l l e d wa te r . Then 
the hot l igand s o l u t i o n was g r a d u a l l y added t o the hot 
metal s a l t s o l u t i o n with cont inuous s t i r r i n g and was 
s t i r r e d for about e igh t hours on a magnetic s t i r r e r . 
The so l id thus appeared was i s o l a t e d as d iscussed above. 
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Bis L t e t r a k l s ( p h t h a l l m l d y l ) b o r a t e j n i c k e l ( I I ) ; 
The hot llgarci s o l u t i o n I.Og (1.6 mmol) was 
slowly poured i n t o the hot metal s a l t s o l u t i o n 0o1961g 
(0 .8 mmol) and s t i r r e d on a magnetic s t i r r e r for about 
twelve hou r s . The l i g h t green coloured p r e c i p i t a t e 
which thus appeared was f i l t e r e d off, washed with water 
and e t h y l a lcohol and was f i n a l l y d r i ed in vacuum d e s i c -
c a t o r over calcium chlor ideo 
Bis [ t e t r a k i s ( p h t h a l i m i d y l ) b o r a t e ] c o p p e r ( I I ) : 
Aqueous s o l u t i o n s of potassiiom t e t r a k i s (ph tha l i -
midyl) bora te I.Og (1.6 mmol) and copper ( I I ) ch lo r ide 
0. l403g (O.S mmol) were mixed and the s o l u t i o n mixture 
was s t i r r e d for about t en hou r s . The so l id which appeared 
a f t e r s t i r r i n g was i s o l a t e d in the manner descr ibed above. 
Bis [ d i h y d r o b i s ( p h t h a l i m i d y l ) b o r a t o ^ Z i n c ( I I ) : 
The p r e p a r a t i o n of t h i s complex was achieved 
by heat ing an aqueous s o l u t i o n mixture of z inc ( I I ) 
c h l o r i d e 0.1982g (1.5 mmol) and potassium d ihydrob i s 
(ph tha l imidy l )bo ra t e I.Og (2.9 mmol) on a steam bath for 
about four hou r s . The creamish white coloured so l id 
t h i s obtained was f i l t e r e d off, washed r e p e a t e d l y with 
water t i l l the f i l t r a t e became f ree from ch lo r ide i on . 
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I t was f i n a l l y washed wi th e thano l and vacuum dr ied 
a t room temperatureo 
Bis Ld ihyd rob l s (ph tha l im idy l )bo ra to J cadmium(II) : 
The aqueous s o l u t i o n of the l igand i .0g(2o9 mmol) 
was poured t o the aqueous s o l u t i o n of cadmium(II) ch lo r ide 
0.2665g (1.5 mmol) with cont inuous s t i r r i n g . This solu-
t i o n mixture a f t e r heat ing on a water bath for a few hours 
y ie lded a l i g h t cream coloured p r e c i p i t a t e , which was 
i s o l a t e d as mentioned above. 
Bis [ d i h y d r o b i s ( p h t h a l i m i d y l ) b o r a t e J mercury ( I I ) : 
The aqueous so lu t i on mixture of mercury ( l i ) 
c h l o r i d e 0.3954g (1.5 mmol) and the l igand l.0g(2<,9 mmol) 
was kept a t I O C temperature for about ten days , afford-
ing a white coloured compound which was f i l t e r e d and 
washeci wi th water and e thano l and f i n a l l y d r i e d in vacuo. 
Bis L h y d r o t r i s ( p h t h a l i m i d y l ) b o r a t e J z inc ( I I ) : 
The hot aqueous s o l u t i o n of the l igand i.Og 
(2.1 mmol) was added t o the hot z i n c ( I I ) c h l o r i d e solu-
t i o n 0.1435g (1.1 mmol) with cont inuous s t i r r i n g . This 
s o l u t i o n mixture was heated on a steam bath for about f ive 
h o u r s . A yellow coloured p r e c i p i t a t e which thus aooeared 
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was f i l t e r e d off, washed r e p e a t e d l y wi th d i s t i l l e d 
water t o remove the t r a c e s of the c h l o r i d e i o n . I t 
was then washed wi th e thanol and dr ied in vacuum 
d e s i c c a t o r over calcium c h l o r i d e . 
a i s [ h y d r o t r i s ( p h t h a l i m i d y l ) b o r a t o ] cadmium ( I I ) : 
I t was synthes ized by heat ing the aqueous solu-
t i o n mixture of the l igand i.Og (2.1 mmol) and cadmium 
( I I ) c h l o r i d e 0.1931g ( I d mmol) on a water bath for a 
few hours . The compound was i s o l a t e d in the m.anner d i s -
cussed above. 
Bis L h y d r o t r i s ( p h t h a l i m i d y l ) b o r a t o J mercury ( I I ) : 
This compound was obta ined by keeping an aque-
ous s o l u t i o n mixture of mercury( I I ) c h l o r i d e 0.2858g 
(1,1 mmol) and the potassium h y d r o t r i s ( p h t h a l i m i d y l ) 
bora te 1.Og (2.1 mmol) a t 10°C for about four teen days . 
I t was i s o l a t e d as mentioned e a r l i e r . 
Bis [ t e t r a k i s ( p h t h a l i m i d y l ) b o r a t o j z i n c ( I I ) : 
For a 1 :2 metal c h l o r i d e : l igand molar r a t i o , 
z inc ( I I ) c h l o r i d e 0 .1125g (0 ,8 mmol) and the ligand 
1„Cg (1.6 mmol) were s e p a r a t e l y d i s so lved in d i s t i l l e d 
wa te r . After f i l t e r i n g both the s o l u t i o n s , the l igand 
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s o l u t i o n was slowly added t o the metal s a l t so lu t i on 
with s t i r r i n g o A l i g h t yellow coloured p r e c i p i t a t e 
which appeared a f t e r s t i r r i n g the s o l u t i o n mixture on 
a maanetic s t i r r e r for about ten hours , was f i l t e r e d 
off , washed r e p e a t e d l y wi th water t i l l the absence of 
c h l o r i d e ion in the washing has been confirmed <, I t 
was washed f i n a l l y with e t h y l a lcohol and was dr ied 
in vacuum. 
•^^ ^ I t p t r a k i s (phtha l imidyl ) bora te J cadmii-im ( I I ) : 
An aqueous s o l u t i o n mixture of cadmium (I I ) 
c h l o r i d e Oc1513g (O.Smmol) and the l igand 1«Cg (1.6 mmol) 
was s t i r r e d for about e i g h t hou r s , y i e ld ing the above 
compound which was i s o l a t e d as descr ibed previouslyo 
Bis L t e t r a k i s (phtVtalimidyl) b o r a t e J mercury ( I I ) : 
I t was obta ined as a white coloured product 
by keeping ^n atjueous s o l u t i o n mixture of mercury ( I I ) 
c h l o r i d e 0.2240o (C.8 mmol) and the l igand 1.Cg (1.6 mmol) 
a t 10°C for about f i f t e e n days and was i s o l a t e d in the 
m anner descr ibed above. 
77 
RESULTS AND DISCUSSION 
All the complexes of dihydrobls-, hydrotris-
and tetrcikis (phthdlimidyl) toi-dte anions with Cr(III), 
Fe(III), Mn(II), Co(IT), Ni(ii) and Cu(IJ) ions have 
been characterized employing elemental analyses, infra-
red and ligand field spectroscopic and magnetic suscep-
tibility measurement techniquesc Whereas, all the 
complexes of Zn(II), Cd(ii) and Hg(II) of the correspon-
ding ligands have been characterized using elemental 
analyses and infiared studieSo 
The results of the elemental analyses(Table-4) 
indicate that the complexes synthesized from dihydrobis 
(phthalimidyl)borate anion have a 1 :1 and 1 :2 metal: 
ligand molar ratio for divalent and trivalent transition 
metal ions respectively, and a 1 :2 metal :ligand molar 
ratio tor Zn(II), Cd(II) and Hg(II) ions. However, 
the stoichiometries of the complexes originating from 
the hydrotris- and tetrakis(phthalimidyl)borate anions 
are such that they are in the 1 :2 and 1 ;3 metalrligand 
molar ratio tor the divalent and trivalent ions, respect-
ively. Al] the complexes were stable towards air and 
moisture <, , ., -^ 
•..,., ^/ay ./i 
. r*"'^ 
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The d i h y d r o b i s ( p h t h a l i r n i d y l ) b o r a t e c o m p l e x e s 
w e r e i n s o l u b l e i n n e a r l y a l l t h e u s u a l o r g a n i c s o l v e n t s 
and c o n s e q u e n t l y t h e i r m o l e c u l a r w e i g h t and m o l a r c o n -
d u c t a n c e v a l u e s c o u l d n o t be d e t e r m i n e d „ The c o r r e s p o n -
d i n g h y d r o t r i s - and t e t r a k i s ( p h t h a l i r n i d y l ) b o r a t e c o m p l e x e s 
w e r e found t o h a v e low s o l u b i l i t y o n l y i n h o t d i m e t h y l 
f o r m a n i i d e . The i n s o l u b i l i t y i n u s u a l o r g a n i c s o l v e n t s 
and h i g h d e c o m p o s i t i o n t e m p e r a t u r e ( T a b l e 4 - 6 ) of a l l t h e 
c o m p l e x e s s u g g e s t t h e i r p o s s i b l e o U g o m e r i z a t i o n . The 
c o m p l e x f o r m a t i o n r e a c t i o n may be t y p i f i e d as b e l o w ; 
For d i h y d r o b i s C o m p l e x e s 
MC1^*2K*(C^^H^QN^B0^) > [ M ( C ^ ^ H ^ ^ N 2 B O ^ ) 2 C 1 ] ^ + 2 K C 1 ( 3 3 ) 
w h e r e M = C r ( I I l ) a n d F e ( I I l ) 
MCl2> K ^ C ^ ^ H ^ ^ N ^ B O ^ ) -^ [M (C^ ^H^ ^N^ BO^Cl ]^+KC1 ( 3 4 ) 
w h e r e M = M n ( I I ) , C o ( I I ) , N i ( I I ) a n d C u ( I I ) 
M C 1 2 + 2 K " ^ ( C ^ ^ H ^ Q N 2 B O ^ ) -> [M (C^ ^H^ j^N2 BO^ ) 2 ] ^ + 2KC1 ( 3 5 ) 
w h e r e M = Z n ( I I ) , C d ( l l ) a n d H g ( I l ) . 
For^ h y d r o t r i s c o m p l e x e s 
M C l 3 - . 3 K ^ C 2 4 H ^ 3 N 3 B O ^ ) > [^ < C 2 4 " l 3 ^ 3 ^ ^ 6 ^ 3 I n * ^ ^ ^ ^ ^^^^ 
w h e r e M = C r ( I I I ) a n d F e ( l l l ) . 
M C l 2 - . 2 K * ( C 2 , H ^ 3 N 3 B O ^ ) > [M (C2^H^ 3N3BO^ ) 2 ] ^ * 2 K C l . . « (37 ) 
w h e r e •M=Mn( I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) , Z n ( I I ) , C d ( i i ) 
a n d Hg ( I I ) . 
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For tetrakis complexes 
MCl2+3K*(C22H^^N^BO^) ^ [M(C22H^^N^BOg)^]^+3KC1 ...(38) 
where M=Cr(III) and Fe(IIl). 
MCl2+2K**"(C32H^5N4BO^) > [M (C22H^ ^ N^ BO^ )2 J ^ +^2 KCl ...(39) 
where M=Mn(II), Co(II),.Ni(II), Cu(II), 2n(II), Cd(ii) 
and Hg(II). 
It has been discussed earlier that of the three 
potential sites for coordination in the phthalimide moiety, 
in most of the complexes, the coordination to metal ion 
generally occurs through the imide nitrogen. It is possi-
ble that the oxygen atoms of the carbony1 groups may be 
the coordination active in which case the relative donor 
capacities of the nitrogen and the carbonyl oxygen atoms 
55 
are reversed as has been indicated for substituted alkyl 
amine complexes of Cu(II) and Ni(II) imides. 
The appearance of the two distinct bands charac-
teristic of carbonyl stretching vibrations in imides have 
been considered to be originating from symmetrical and 
unsymmetrical vibrational coupling of the two carbonyl 
55 groups . It is evident that the coordination through 
the carbonyl oxygen would reduce the double bond charac-
ter between carbon and oxygen decreasing the carbonyl 
stretching frequencies . It is also expected that in 
83 
the phthal imide moiety the coo rd ina t i on through the 
carbonyl oxygen atom would a t f e c t the C-N s t r e t c h i n g 
v i b r a t i o n i . e . causing a p o s i t i v e s h i f t s i m i l a r to 
1 37 t h a t r epor ted for e thy lene urea adduct wi th metal 
h a l i d e s . 
In tVie p resen t s t u d i e s the i n f r a r ed spec t ra 
of the complexes have been d iscussed„ A cons iderab le 
negat ive s h i f t in the carbonyl s t r e t c h i n g frequency 
(Table 7-9) has been observed in a l l these complexes, 
which sugges ts t h a t the coo rd ina t i on of the l igands t o 
the meta ls occurs through the oxygen atoms c± the ca r -
bonyl g roups . This has been f u r t h e r supported by the 
p o s i t i v e s h i f t in the C-N s t r e t c h i n g f requency. There 
i s no s u b s t a n t i a l change in the B-N and B-H band f r e -
quencies i n d i c a t i n g the non-mvolvement of the n i t rogen 
atom ot the B-K' bond in c o o r d i n a t i o n . However, a strong 
evidence regarding the bonding of carbonyl oxycien atoms 
has been proviaed by the obse rva t ion of a weak band in 
315-380 cm"^ reg ion assigned t o M-0 v i b r a t i o n 
Whereas, for the coiiiplexes ot d ihydrob i s l igand except-
ing 2 n ( I l ) , Cd( i i ) and H g ( I I ) , a weak band observed in 
the region 260-2 90 cm" i s assioned t o the br idgina 
M-c:l-H r^tr e tch ing v i b r a t i o n as the br id ino halocjen 
s t r e t c h i n g mocies are expected t o be in the lower frequency 
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1 1 7 l i s r e g i o n a s c o m p a r e d t o t h e t e r m i n a l one ' 
The m a o n e t i c and s p e c t r a l s t u d i e s o i a l l t h e 
new c o m p l e x e s w e r e s t u d i e d t o u n d e r s t a n d t h e s p a t i a l 
a r r anc j en ien t of l i g a n d s a r o u n d t h e c e n t r a l r n e t a l i onSc 
The c a l c u l a t e d m a g n e t i c moment v a l u e s and t h e band 
p o s i t i o n s o b s e r v e d i n t h e e l e c t r o n i c s p e c t r a o± t h e s e 
c o m p l e x e s a r e g i v e n i n T a b l e s 1 0 - 1 2 . 
C h l o r o b i s [ d j h y d r o b i s ( p h t h d l i m i d y 1 ) b o r a t o j c r ( I I I ) & 
F e ( I l l ) and C h l o r o [ d i h y d r p b i s ( p h t h a l i m i d y l ) b o r d t o ] 
M n ( I I ) , C o ( I I ) , N i ( I I ) & C u ( I I ) c o m p l e x e s : 
The o b s e r v e d m a g n e t i c moments of C r ( I I I ) and 
F e ( I I I ) c o m p l e x e s a r e 3 . 5 6 and 5 . 2 0 B .M . r e s p e c t i v e l y , 
123 
w h i c h i n d i c a t e t h e p o s s i b i l i t y of an o c t a h e d r a l g e o m e t r y . 
The m a g n i t u d e s a r e , howt -ver , somewhat lov/er from t h e 
e x p e c t e d v a l u e s , wViich m i g h t be d u e t o t h e o l i g o m e r i c 
n a t u r e o t t h e s e c o m p l e x e s . The o l i g o m e r i z a t i o n may c a u s e 
t h e i n t r a - m o i e c u l a r a n t i f e r i o m a g n e t i c e x c h a n g e t h r o u g h 
t h e l i g a n d b r i d g i n g . The e x i s t e n c e of s u c h i n t e r a c t i o n 
4 1 i s n o t uncomroon f o r t h e s e c o m p l e x e s , h a v i n g o l i g o m e r i c 
n a t u r e o The o c t a h e d r a l g e o m e t r y h a s b e e n c o n f i r m e d from 
t h e o b s e r v e d l i g a n d f j e l u b a n d s a t 2 3 . 3 and 1 6 . 7 K . K . and 
2 3c2 and I d . 4 x . K . i n t h e i r e l e c t r o n i c s p e c t r a w h i c h m>ay 
4 
r e a s o n a b l y be a s s i g n e d t o T (F) -^  ^<5 
88 
2g 2g 2g 1g 
T. (G) ^ A^ tranGitions-respectively, character-
1 g 1 g 1 21 i s t i c of the oc t ahed ra l environment around these ions 
The observed s t o i c h i o m e t r y , (ML2X) (where M=Cr(III) or 
F e ( I I I ) , L=dihydrob i s (ph tha l imidy l )bora te anion and 
x=chlor ide ion) of these complexes could y i e l d an oc ta -
hed ra l s t r u c t u r e only through halogen br idging in an 
ol igomeric oc t ahed ra l fashion as shown in Figure XIII 
where the halogen atom of each un i t i s ac t ing as a b r idge . 
The posit-i-on of the bands observed in the e l e c t -
r o n i c spectrum of the Mn(II) complex are a t 22 .8 and 17o9 
4 c 
k.K. reasonably assigned t o T„ (G) < A, and 
2g 1g 
4 6 
T (G) <e A trnnsitionSj respectively, for the 
1 "^  1 
octahedral environment around the central metal ion " . 
The observed magnetic moment 4.56 B .M , of this complex 
193 
is considerably lower from the theoretically expected 
spin only value (b.92 B.M . for 3=5/2). This lowering might 
be the consequence of the antiferromagnetic interaction 
occuring in the complex through ligand bridging due to its 
oligomeric nature« The observed stoichiometry(MLX) , 
involving an octahedral geometry of the complex envisages 
the ligand oligomeri2dtion in which two carbonyl oxygens from 
each ligand are coordinated to one manganese ion and the 
89 
z—cCi—-z 
M 
M 
1-1 
0 
u 
H 
90 
remaining set of carbonyl oxygens to the adjacent metal 
ion. The other two positions of the octahedron are 
satisfied with bridg^lng chlorine above and below the 
plane. The octahedral structure of the complex has 
been shown in Figure XIV. 
The magnetic moments, 4,61 and 3.55 B .M» obser-
ved for the Co(II) and Ni(II) complexes^respectively^ 
are within the range normally expected for the octahedral 
geometry around these ions. This geometry has been further 
supported by the observation of electronic bands(Table-6) 
1 2 1 4 4 
a t 22 .4 and 17.4 k .K. a s s i g n a b l e t o T^  (P) < T^  (F) 
^ 1g 1g 
( Vj ) and A^ (F) f '^la^^^ ( ^2 ) r e s p e c t i v e l y f o r 
C o ( I I ) complex and a t 1 3 . 7 and 24.5 k .K. c h a r a c t e r i s t i c 
of ^^^^(F) ^ % g ( F ) ( V 2 ) and \ ^ ( P ) ^ % g ( F ) 
( V^ ) transitions respectively for Ni(II) complex. 
In the case of Cu(II) complex the reflectance 
spectrum displays weak bands at 17.2 and 15.B k.K. 
2 
assianed to "5„ , 2^ q 2^ . 2^ ^ 2a ^ B. and A^ < B, transi-1g 1g 1g 
tions resoectively, with a weak broad shoulder at 11.7 
k.K. characteristic of a square-planar geometry for the 
Q 
d System. The magnetic moment of this complex (Table-6) 
is considerably lower from that expected (1.9 B .M .) for 
a square planar geometry suggesting the existence of an 
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an t i f e r romagne t i c i n t e r a c t i o n due t o al igamerizat lon in 
the complexe This ol igomeri^at ion might be occuring 
through c h l o r i n e br idges as shown in f igu re XV which i s ' 
a l so in accordance with the IR s p e c t r a l s t u d i e s . 
T r i s [ h y d r o t r i s ( p h t h a l i m i d y l ) b o r a t o J c r ( I I I ) & Fe ( I I I ) 
and b i s [ h y d r o t r i s ( ph tha l imidy l )bo ra t e J Mn(II) , Co(l l ) 
Ni ( I I ) & Cu(II) complexeSo 
The observed magnetic moments (3.64 and 5.36 B.M.) 
for C r ( I I I ) and F e ( I I I ) complexes are s l i g h t l y l e s se r 
than t h a t of the c a l c u l a t e d va lue for an oc tahedra l envi-
121 
ronment around these ions . The oc t ahedra l a r r a y , in 
which the metal ion i s surrounded by s i x carbonyl oxygen 
atoms of the t h r e e l igand molecules , has been fu r the r 
s u b s t a n t i a t e d by the bands observed in the e l e c t r o n i c 
spec t r a of t hese complexes. The r e f l e c t a n c e spectrum of 
C r ( I I I ) complex (Table-11) shows two spin al lowed, 
4 T ^ ^ ( F ) ^ \^^iT) (V^) and \ g (F) < \ g (F) 
( V-t ) transitions at 24.4 and 17.8 k.K, respectively^ 
whereas,the appearance of two weak bands in the spectrum 
of Fe(III) complex at 24.4 and 18.5 k.K. are assigned"* "  
to E (G) < A. and T, (G) -^  A. transitions, 
g 1g 1g 1g 
4 6 
respectively. Havino A^ and A^ as a ground states 
•' 2g 1g 
they are expected to give magnetic moments of 3.34 and 
94 
95 
5.B9 B .M, corresponding to three and five unpaired 
eelectrons for Cr(III) and Fe(III) ions. However 
somewhat lower magnetic moment values observed for 
Cr(lll) and Fe(III) complexes, suggest antiferro-
magnetic interaction in these complexes. The possible 
octahedral structure for these complexes is shown in 
Figure XVI. 
124 The results of the present studies indicate 
that Mn(II), Co(II), Ni(II) and Cu(II) complexes have a 
tetrahedral array of ligands although they would undergo 
distortion due to the bulky ligands. The magnetic moment 
for these complexes lie within the range normally expect-
ed for the tetrahedral geometry, which is in agreement 
with the position of the bands in their electronic spec-
trum for this geometry. In case of Mn(II) comolex two 
121 
bands have been observed at 24,6 and 21,7 k.K. assignable 
to A^  (G) < A^ and T^ C G ) * A transitions > 
respectively. Whereas, a broad band observed for Co(II) 
4 4 
complex at 15,6 koK. due to T (P) < A (F) transi-
tion, and Ni(Il) complex shows a band at 16.1 k,K. due 
3 3 
to T (P) < T (F) transition characteristic of a 
tetrahedral geometry for these ions. 
The magnetic moment(2o24 B .M .) observed for 
Cu(Il) complex indicates the tetrahedral structure for 
96 
N—B—N 
F i a u r e XVl, w h e r e M= C r ( I I I ) o r F e ( T I I ) . 
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124 
this complex . This geometry has been further 
supported by the absence of any band in the region 11,0 
to 13.0 k.K. in the electronic spectrum of Cu(ll) 
complex, which rules out the possibility of octahedral 
1 2 1 139 
and square-planar geometries * . A tetrahedral 
structure for divalent transition metal complexes where 
hydrotris(phthalimidyl)borate acts as a bidentate ligand, 
as for Cr(III) and Fe(III) complexes, pushing one of 
the phthalimide moiety on the back to avoid strain, may 
be depicted by Figure XVII. 
•is Ltetrakis(phthalimidyl)borate J Trl o JCr(III) & Fe(III) 
and bis Ltetrakis(phthalimidyl)borate J Mn(II), Co(11), 
Ni(II) & Cu(II) complexes: 
The observed magnetic moments for Cr(III) and 
Fe(III) complexes, 3<,76 and 5.83 B .M o, are indicative 
123 
of an octahedral environment around these ions 
This array has been further supported by the absorption 
bands observed at 23.2 and 17.2 k.K. for Cr(III) and at 
22.7 and 17.2 k„K. for Fe(III), assignable^ ^ to 
"^ T (F) < 3n (F) and "^ T^  (F) ^ 3A^ (F) trans-
lg 2g 2g 2g 
4 
itions_, respectively, for the former set and T„ {C)« 
/ig 
A, and T^  (G) ^ A^  t r a n s i t i o n s . r e s p e c t i v e l y . 
1q l g l g ' ' ^ •* for the l a t t e r one . 
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The e l e c t r o n i c spec t rum of Mn(I I ) complex 
d i s p l a y s two weak bands a t 2 2 . 7 and 1 8 . 8 k .K. a s s i g n -
ab le^^^ t o S ^ g ^ ^ ) ^ ^A^g ^nd S ^ ^ ( G ) ^ ^A^^ 
transitions,respectively, This type of spectrum is 
common with high spin octahedral Mn(II) complex, since 
these transitions are both spin and symmetry forbidden, 
The observed magnetic moment value, 4.86 B.M. is consi-
derably lower than the expected value (5.92 B.M.) for 
an octahedral Mn(II) ion. This indicates the presence 
of an antiferromagnetic interaction 
The electronic spectra of Co(II) and Ni(II) 
complexes show two bands in 14.7 — 23.8 koK. region 
(Table-12) characteristic of an octahedral enviroimient 
1 2 1 
around these ions » The observed magnetic moments, 
4.9 8 and 2»75 B.M. tor Co(II) and Ni(II) ions^respect-
ively, also support the octahedral arrangement around 
the central metal ions, where tetrakis(phthalimidyl) 
borate anion behaves as a tridentate ligand, which may 
be represented by Figure XVIII. 
A square ple?nar structure is proposed for 
1 2 3 Cu(II) complex on the basis of observed magnetic 
moment value of 1.71 B.Mo This geometry was supported 
by the presence of a weak shoulder at 12.6 k.K., 
121 2 2 
attributable to T„ < — E transitions. The 2g g 
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square p lanar s t r u c t u r e for t h i s complex where 
t e t r a k i s ( p h t h a l i m i d y l ) b o r a t e anion a c t s as a biden-
t a t e l igand i s shown by Figure XIX. 
For the complexes of Zn(TI) , Cd(IJ) and 
Hg(II) wi th dihydrobis-^ hydro t r i s^and t e t r a k i s -
l i gands no va luab le informat ion regard ing t h e i r 
s t e reochemis t ry could be i n f e r r e d s ince t he r e i s no 
l igand f i e l d s t a b i l i z a t i o n e f f e c t in these ions 
because of t h e i r complete d s h e l l s . However, on the 
b a s i s of the s to ich iomet ry of the cc^nplexes and infra-
red s p e c t r a l s t u d i e s , a t e t r a h e d r a l geometry has been 
t e n t a t i v e l y proposed for these complexes, s ince t e t r a -
hedra l geometry i s a more p re fe r red s t r u c t u r e for 
140 
these metal comolexeSo 
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CHAPTER - V 
SYNTHESES AND CHARACTERIZATION OF 
POTASSIUM DIHYDROBIS-, -HYDROTRIS-
AND -TETRAKIS(SUCCINIHIDYL) BORATES 
105 
INTRODUCTION 
The imides are multifunctional groups ligands 
having the carbonyl and imide functions as active donor 
sires and are, therefore, potentially important ligands. 
The coordinating ability has attracted much attention 
in recent yearso Succinimide and phthalimide belong to 
the same category having the multifunctional group, 
0 
II 
c -
II 
0 
Succinimide exhibits the chemical behaviour 
similar to that of phthalimide as it is a structural 
analogue of the latter. Succinimide has, therefore, 
been chosen as a heterocycle for substitution in tetra-
hydroboratc moiety to see the coordinating property of 
carbonyl oxygens and imino nitrogen in the absence of 
a benzene ring and also to investigate the effect of 
B-N bond formation on the coordinating ability of the 
carbonyl groupo 
106 
Succinimide similar to phthalimide readily 
loses a proton to form an anion, which acts as a donor 
ligand, providing three active sites for coordination 
as shown below: 
Q^ (M 
,128 It has already been mentioned in chapter III 
that the substituted analogue of succinimide e.g. benzyl 
succinimide is formed in good yield when N-benzyl pyri-
dinium salt and sodium succinimide are refluxed in DMF, 
This indicates the ease of substitution (i.eo, a tendency 
to form N-C bond) at imide nitrogen. Since boron and 
carbon atoms are not very different in their size and 
bonding properties, it is possible that under similar 
conditions B-N bond could also be formed. 
Due to the potential applications of succinimide 
in variolas fields, discussed in chapter I, it has been 
of interest to synthesize new compounds containing B-N 
bond. In this case too potassium borohydride has been 
107 
chosen as another reactant in view of the feasibility 
of the elimination of hydrogen gas from potassium boro-
hydride and the moiety having easy accessibility of 
hydrogen atoms under specified conditions, to provide 
the B-N bond formation. 
The ligands potassium dihydrobis-jhydrotris-
and tetrakis(succinimidyl)borates have been synthesized 
and characterized on the basis of elemental analyses, 
molar conductance and molecular weight determinations 
and infrared spectral studies. 
108 
EXPERIMENTAL 
Elemental analyses for carbon, hydrogen and 
nitrogen were carried out in the microanalytical labo-
ratory of the Chemistry Department of indidn institute 
of Technology, Kanpur. The molecular weight determina-
tions were done utilizing viscosity measurements in 
dimethylsulphoxide by Ostwald 's viscometer . The 
molar conductance of all the three ligands at room temp-
-3 
e r a t u r e were determined for 1x1G M s o l u t i o n s in dimeth-
y lsu lphoxide using the " s y s t r o n i c s " c o n d u c t i v i t y b r idge . 
The in f ra red s p e c t r a in the range (4000-500 cm ) were 
recorded in KBr on a SP3-100 Pye Unicam spectrophotometer 
and the NMR spec t r a were recorded on A-600 a n a l y t i c a l NMR 
spectrophotometer in t r i f l u o r o a c e t i c acid a t the i n s t r u -
mentat ion cen t e r of Chemistry Department, Al igarh Muslim 
U n i v e r s i t y , A l iga rh . 
Reagents Used; 
Succinimide (SISCO, m.p . 125°C) and potassium 
borohydride (3DH, England) were used as received» 
Synthes is of potassium Dihydrob i s ( succ in imidy l )Bora te : 
Potassium borohydride (0o54g, 10 mmol) and 
succinimide (2 .0g , 20 mmol) in 1 :2 molar r a t i o were 
109 
thoroughly mixed and ground to a fine powder in a 
mortar and the mixture was carefully heated in a 100 ml 
round bottomed flask over a paraffin bath at a tempera-' 
ture not exceeding 170 C. The mixture melted slowly 
and the reaction proceeded with the evolution of hydrogen 
gas. The reaction continued for about eight hours till 
the calculated corresponding to two moles of hydrogen gas 
were evolved which were collected over water. The re-
action may be represented as: 
KBH^ + 2 Sue ^ K*[H2B(SUC) j + 2H (40) 
The resultincj black compound was heated with 
75 ml ethyl alcohol on a water bath for about one hour 
to remove any unreacted material. Then it was filtered 
off, washed repeatedly with ethyl alcohol and was finally 
dried in vacuo. The yield was about 705^ . 
Synthesis of Potassium Hydrotris(succinimidyl)Borate: 
Succinimide (3.0 g, 30 mmol) and potassium 
borohydride (0»54g, 10 miaol) in a 3:1 molar ratio were 
mixed together thoroughly and finely powdered in a 
mortar. This mixture was transferred into a round 
bottomed flask and heated over a paraffin bath at a tempera-
ture not exceeding 190 Co The reaction proceeded with 
110 
t h e e v o l u t i o n of hydrogen gas^ The volume o± t h e g a s 
c o l l e c t e d over w a t e r was 789 ml ( a t 38 C) which i s 
n e a r l y e q u a l t o t h e c a l c u l a t e d vo lume, c o r r e s p o n d i n g 
t o t h r o e moleSc The h e a t i n g was c o n t i n u e d fo r about 
f i f t e e n h o u r s , t i l l a l l t h e c a l c u l a t e d hydrogen g a s was 
e v o l v e d . The r e a c t i o n may be w r i t t e n a s : 
KBH + 3 Sue s K^THBCSUC) 1 + 3H (41) 
4 '- 3*' 2 
The black solid thus obtained was heated in 
100 ml ethyl alcohol on a water bath to remove any unre-
acted crystals of succinimide and potassium borohydride, 
then it was filtered off, washed repeatedly with ethanol 
and finally dried in a vacuum desiccator over calcium 
chloride. The yield was about 75!,^ . 
Synthesis of Potassium Tetrakis(succinimidyl)Borate: 
The procedure involved for the prepaz^ation of 
potassium tetrakis(succinimidyl)borate was similar to 
that of potassium dihydrobis- and hydrotris(succinimidyl)• 
borates, described above, excepting the ratio of the re-
actants, temperature and the required refluxing time for 
the completion of the reactiono 
For the synthesis of potassiijm tetrakis (succini-
midyl) borate a finely powdered mixture of potassiiom boro-
Ill 
hydride (0.54 g, 10 mmol) and succinimide (4.0 g, 40 mraol) 
was heated in a round bottomed flask for about twenty 
hours at a temperature not exceeding 210 C when all the-
calculated four moles of hydrogen gas were evolved. The 
black compound thus formed was cooled and then heated 
again in ethyl alcohol. It was finally isolated in the 
manner described above for dihydrobise and hydrotris 
(succinimidyl)borates. The yield was about 10%o The 
reaction may be typified a.s-. 
KBH^ + 4 Sue > K*/'B(SUC)^J • 4W^ (42) 
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Ch'-^racterization of Potassium Dihydrobis-jHydrotris-
and - T e t r a k l s ( s u e c i n l m i d y l ) B o r a t e s : 
The r e s u l t s of e l ementa l a n a l y s e s , va lues of 
molar conductance and the molecular weights of potassium 
d i h y d r o b i s - , - h y d r o t r i s - and - t e t r a k i s ( s u c c i n i m i d y l ) 
b o r a t e s , which agreed wel l wi th the s t o i c h i o m e t r i c s of 
t he se l igands have been t a b u l a t e d in Tab le -13 . In the 
formation of t h e s e l igands the imino hydrogen of two, 
t h r e e and four succinimide m o i e t i e s has been replaced 
t o g e t h e r wi th the corresponding number of hydrogen atoms 
of the borohydride moiety t o c r e a t e two, t h r e e and four 
boron-n i t rogen bonds, r e s p e c t i v e l y . The formation of 
these l igands has been a s c e r t a i n e d by measuring the 
volume of hydrogen gas evolved during the course of 
4 1 t h e i r s y n t h e s e s . Similar to o the r bo ra t e s the melt ing 
po in t of these l igands i s very high ioeo above 360°C. 
However t he se are found to be hygroscopic when exposed 
t o a i r and the order of their s t a b i l i t y i s : 
d i h y d r o b i s ^ h y d r o t r i s J> t e t r a k i s 
The molar conductance va lues in d ime thy l su l -
phoxide i n d i c a t e d ion ic na ture of these ligands<, The 
r e s u l t s of the a n a l y t i c a l da ta and the de te rmina t ion of 
t h e i r molecular weights support t h e i r formulat ion as 
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K' ' " [H2B(SUC)„ j , K'*'[HB(SUC) j and K [ B ( S U C ) ^ ] for pota-
ssium d i h y c i r o b i s - , - h y d r o t r i s - and - t e t r a k i s (succinimidyl) 
b o r a t e s , r e s p e c t i v e l y . 
These l igands have been f i n a l l y c h a r a c t e r i z e d 
by analys ing t h e i r NMR and IR s p e c t r a . The, H M^R spectrxjm 
of potassium d i h y d r o b i s ( s u c c i n i m i d y l ) b o r a t e in t r i f l u o r o -
a c e t i c acid r e v e l a s a s i n g l e t a t 7* = 7.5 ppm ass ignable 
t o the C-H of the succinimide nuc l eus . The B-H proton 
peak i s observed as a double t a t 7" = 609 ppm. The r e l a t i v e 
a reas of t he peaks are 1 :4 for r i ng p r o t o n s . In case of 
t r i s ( s u c c i n i m i d y l ) b o r a t e the B-H peak i s found as a 
s i n g l e t a t 7* = 6.1 ppm i n d i c a t i n g the presence of a 
s i n g l e B-H un i t in the molecu le . Whereas, non appearance 
of any peak in t h i s reg ion in the spectrum of t e t r a k i s 
( succ in imidy l )bo ra t e confirms t h a t a l l the four hydrogens 
of t e t r a h y d r o b o r a t e anion have been rep laced by succ in i -
mide an ion . A s i n g l e t a t 7" = 7,3 and 7.4 ppm has been 
observed for the C-H of the h e t e r o c y c l i c r i ng in the 
spec t r a of t r i s and t e t r a k i s b o r a t e s , r e s p e c t i v e l y . 
Major bands in the IR spec t r a of t hese l igands 
are l i s t e d in Table-14„ The spec t r a of a l l the th ree 
l i gands do not show any band in the reg ion 3300-3100 cm , 
c h a r a c t e r i s t i c of the N-H s t r e t c h i n g band, observed in 
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f r e e s u c c i n i m i d e a t 3140 cm , i n d i c a t e s t h e absence 
of N-H bond in t h e s e l i g a n d s . The formcit ion of boron-
n i t r o g e n bonds i n t h e s e l i g a n d s have been conf i rmed by • 
-1 12 9 
t h e p r e s e n c e of a new band i n 1380-1340 cm r e g i o n 
— 1 The a p p e a r a n c e of a broad band i n t h e r a n g e 2350-2250 cm , 
1 Oft 107 
c h a r a c t e r i s t i c ^ ' of t h e B-H s t r e t c h i n g f r equency i n 
t h e spectrijun of d i h y d r o b i s ( s u c c i n i m i d y l ) b o r a t e i n d i c a t e s 
t h e e x i s t e n c e of B-H l i n k a g e o The obse rved s p l i t t i n g of 
t h e B-H f r e q u e n c y r e a s o n a b l y i n d i c a t e s t h a t t h e two hydro-
gen atoms on t h e boron atom a r e not i n t h e same p l a n e , 
which i s i n agreement w i t h t h e t e t r a h e d r a l n a t u r e of the 
BH~ i o n , wh i l e a s i n g l e band of weak i n t e n s i t y observed 
a t 2 320 cm shows t h e p r e s e n c e of a s i n g J e B-H u n i t i n 
t h e p o t a s s i u m h y d r o t r i s ( s u c c i n i m i d y l ) b o r a t e <> In t h e 
c o r r e s p o n d i n g t e t r a k i s ( s u c c i n i m i d y l ) b o r a t e no band has 
been obse rved i n t h i s r e g i o n which shows t h e absence of 
B-H bond in t h i s m.olecule c o n f i r m i n g a l l t h e four hydrogen 
atoms in t h e t e t r a h y d r o b o r a t e an ion have been s u b s t i t u t e d 
by t h e s u c c i n i m i d e i o n s . A c o n s i d e r a b l e n e g a t i v e s h i f t 
- -I 
from 1470-1450 cm fo r C-N s t r e t c h i n g f r equency has been 
obse rved f o r a l l t h e t h r e e l i g a n d s . However, i n c a s e s of 
d i h y d i o b l s and h y d r o t r i s l i g a n d s a n e g a t i v e s h i f t ( T a b l e - 1 4 ) 
f o r c a r b o n y l s t r e t c h i n g f r e q u e n c y has a l s o been observed 
which might be due t o t h e i n t r a m o l e c u l e i r hydrogen bonding 
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bfcit/'ecn the carbcnyl oxycen and the borohydride hydrogenc 
This slUft i s Q r c i t u r t o r clihydrobis J igand, obvjously 
due to the involvement o5 both the carbonyl oxygens in 
hydrogen bonding. This i s augrriented on the f a c t t h a t 
no such s h i f t has been observed for t e t r a k i s l igand . 
However, a broad band in 34 50-3300 en" reg ion cha rac t e r -
i s t i c of 0-H s t r e t c h i n g frequency has been observed in 
a l l the corresponding l igands due e i t h e r t o the i n t r a -
molecular hydrogen bonding and/or hygroscopic nature of 
t hese l i g a n d s . The C-H s t r e t c h i n g and bending frequencies 
have been observed at t h e i r app rop r i a t e p o s i t i o n s . 
Cn the ba s i s of the d i s c u s s i o n in the preceeding 
l i n e s the s t r u c t u r e of d i h y d r o b i s - , h y d r o t r i s - and t e t r a -
k i s bo ra t e s may te represen ted by the Figures XX, XXI and 
XXII, r e s p e c t i v e l y o 
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CHAPTER - V I 
LIGATING PROPERTIES OF DIHYDROBIS- , 
HYDROTRIS- AND TETRAKIS(SUCCINIMIDYL) 
BORATE ANIONS 
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INTRODUCTION 
The free succinimide molecule may provide 
three active sites for coordination to the metal, by 
coordinating through the nitrogen as well as the 
carbonyl oxygens. It is obvious that all the three 
sites can not simultaneously be involved in coordina-
tion due to their fixed orientation in space causing 
6 8 Strain in the resulting structure . There have been 
-| 41 1 42 
reports ' that in a number of divalent transition 
metal compounds with succinimide anion, the coordina-
tion is through the nitrogen atom and the oxygen atom 
of the carbonyl group is suggested to be capable of 
being linked only weakly with the metal ion. However, 
it is possible that the carbonyl oxygens may be the 
coordinating sites in which case, the relative donor 
capacities of the nitrogen and carbonyl oxygen atoms 
are reversed as has been indicated for substituted 
alkyl amine complexes of Cu(II) and Ni(II) imides. The 
52,105 
coordination through the carbonyl oxygens has been shown 
in adducts of some of the group IV and V metal halides 
with amides as well as in complexes of a few divalent 
transition metal ions with imides. 
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It was, therefore, thought of interest to 
synthesize compounds containing B-N bond with imide 
as heterocyclic moiety, with a view to exploring the 
effect of B-N bond formation on the coordinating 
ability of nitrogen atom and also to examine if the 
effect on the potentiality of the carbonyl oxygen for 
coordination in such environment. 
The ligands, potassium dihydrobis, -hydro-
tris- and -tetrakis (succinimidyl) borates, have been 
used to synthesize metal complexes of Cr (III), Mn(II), 
Fe(III), Co(II), Ni(II) and Cu(II) and also of Zn(II) 
Cd{ii) and Hg(II) ions. 
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EXPERIMENTAL 
Techniques Used: 
Elemental analyses for carbon, hydrogen and 
nitrogen were carried out in the microanalytical labo-
ratory. The estimation of halogen was done gravime-
1 34 trically and the metals were estimated by titrating 
-] o 5 
with standard EDTA solution , For the metal estima-
tion a known amount of metal was decomposed with a 
mixture of nitric, perchloric and sulphuric acids and 
the halogen was estimated by fusing a known amount of 
the compound with fusion mixture (KNO and Na CO-). 
The infrared spectra in the range (4000-200 
Cm" ) in KBr were recorded on a Perkin Elmer spectro-
photometer model 621. Diffuse reflactance spectra 
(200-1000 nm) were recorded on a Carl-:ieiss VSU-2P 
spectrophotometer using MgO as calibrant. Magnetic 
susceptibility measurements were done by VSM technique 
Reagents 
Al l t h e m e t a l s a l t s namely c h r o m i u m ( I I I ) , 
i r o n ( I I I ) , m a n g a n e s e ( I I ) , c o b a l t ( I I ) , n i c k e l ( I I ) , 
coppe r ( I I ) , z i n c ( I I ) , cadmii im(II) and mercury ( I I ) 
c h l o r i d e s ( a l l BDH r e a g e n t s ) were used as r e c e i v e d . 
122 
P r e p a r a t i o n of Complexes 
C h l o r o b i s [ d i h y d r o b l s ( s u c c l n l m l d y l ) b o r a t o ^ C r ( I I I ) or 
i-'e (111) ': 
Po ta s s ium d i h y d r o b l s ( s u c c i n i m i d y 1 ) b o r a t e , 
(4 mmol) and chromium ( I I I ) or i r o n ( I I I ) c h l o r i d e 
( 1 . 3 mmol) were s e p a r a t e l y d i s s o l v e d i n 50 ml of 
d i s t i l l e d w a t e r . Af te r h e a t i n g bo th t h e s o l u t i o n s on 
a w a t e r b a t h f o r about h a l f an h o u r , t h e ho t l i g a n d 
s o l u t i o n was poured i n t o t h e h o t m e t a l s a l t s o l u t i o n 
w i t h c o n t i n u o u s s t i r r i n g . A b l a c k p r e c i p i t a t e s lowly 
appeared which was hea t ed on t h e w a t e r b a t h f o r about 
t h r e e h o u r s . A f t e r c o o l i n g , t h e p r e c i p i t a t e was 
f i l t e r e d off t h o r o u g h l y washed w i t h warm d i s t i l l e d 
w a t e r and f i n a l l y w i t h e t h y l a l c o h o l and was vacuum 
d r i e d . The c o m p l e x a t i o n r e a c t i o n may be w r i t t e n a s : 
MCl^ + 2 K [ H 2 B ( S U C ) 2 ] > [ M { H 2 B ( S U C ) 2 ] > 2 ^^]^ 
4- 2KC1 . . . (4 3) 
where sue = succinlmlde anion 
M = Cr (111) or Fe (111) . 
Chloro [ d i h y d r o b l s ( s u c c l n l m l d y l ) b o r a t e J M n ( I I ) , 
C o ( I I ) , N l ( I I ) o r C u ( I I ) : 
A 1 :2 m e t a l : l l g a n d mo la r r a t i o was t a k e n f o r 
t h e p r e p a r a t i o n of t h e s e c o m p l e x e s . The s o l u t i o n s of 
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metal chloride (2 nunol) and the ligand (4 mmol) were 
made in distilled water separately. A black precipi-
tate appeared on pouring the hot ligand solution into 
the hot metal chloride solution with continuous stirr-
ing. The black compound which thus appeared was heated 
on a water bath for about three hours and was filtered 
off after cooling it to room temperature. It was thor-
oughly washed with distilled water till the filtrate 
was free from chloride. Finally it was washed with 
ethanol and dried in a desiccator over calcium chloride. 
The reaction may be written as: 
MCI2+ K*[H2B(suc)2] > [M{H2B(suc)2"j.2 Cl]^+ KCl ..(44) 
where M= Mn(II), Co(II), Ni(II) or Cu(II). 
Bis [ d i h y d r o b i s ( s u c c i n i m i d y l ) b o r a t e ] Z n ( I I ) , 
Cd (11) or Hg (11) : 
A black product was obtained on mixing the 
hot aqueous l igand so lu t ion (4 mmol) and hot aqueous 
metal s a l t s o l u t i o n (2 mmol) wi th cont inuous s t i r r i n g . 
The black compound thus obta ined was i s o l a t e d as desc r -
ibed above. The complex formation r e a c t i o n may be 
t y p i f i e d as below: 
MCI2+ 2K '* ' [H2B(SUC)2] > [ M { H 2 B ( S U C ) 2 } 2 ] +2 KCl . . ( 4 5 ) 
where M=Zn(II), Cd( l i ) or H g ( I I ) . 
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T r i s [ h y d r o t r l s ( s u c c i n l m i d y l ) b o r a t o j F e ( I I I ) o r C r ( I I I ) ; 
Af t e r h e a t i n g t h e two aqueous s o l u t i o n s 
c o n t a i n i n g p o t a s s i u m h y d r o t r i s ( s u c c i n i m i d y l ) b o r a t e 
(2 .7 mmol) and i r o n ( I I I ) or chromiura ( I I I ) c h l o r i d e 
( 0 . 9 mmol), t h e l i g a n d s o l u t i o n was poured i n t o t h e 
m e t a l s a l t s o l u t i o n . A b l a c k p r e c i p i t a t e r e s u l t e d , 
which was i s o l a t e d i n t h e manner i n d i c a t e d above., 
The r e a c t i o n may be r e p r e s e n t e d a s : 
MCI + 3 K + [ H B ( S U C ) J ^ [ M { H B ( S U C ) I -[ +KC1 
. . . (46) 
B i s [ h y d r o t r i s ( s u c c i n i m i d y l ) b o r a t o ]Mn ( I I ) , C o ( I I ) , 
N i ( I I ) , C u ( I I ) , Z n ( I I ) , C d ( l i ) o r H g ( I I ) : 
The complexes were o b t a i n e d by add ing t h e 
h o t aqueous s o l u t i o n o£ l i g a n d ( 2 . 8 mmol) t o t h e ho t 
s o l u t i o n of m e t a l s a l t (1 .4 mmol) i n w a t e r . The 
m i x t u r e was h e a t e d on a w a t e r b a t h f o r about two o r 
t h r e e h o u r s . The blacK c o l o u r e d s o l i d t h u s o b t a i n e d 
was f i l t e r e d o f f , washed r e p e a t e d l y w i t h w a t e r and 
e t h a n o l and was f i n a l l y vacuum d r i e d . The r e a c t i o n 
may be t y p i f i e d a s : 
MCl2+2K*[HB(suc)2 ] >[M{HB ( sue ) ^  V ] + 2 X 0 1 . , (47) 
where M= M n ( I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) , Z n ( I I ) , 
Cd ( I I ) or Hg ( I I ) . 
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T r l s [ t e t r a k l s ( s u c c i n l m l d y l ) b o r a t e ] Cr ( I I I ) o r F e ( I I I ) : 
A 1 :3 m e t a l c h l o r i d e : l i g a n d molar r a t i o 
( 0 . 8 : 2 . 4 mmol) was t a k e n fo r t h e p r e p a r a t i o n of t h e s e 
c o m p l e x e s . Both t h e s o l u t i o n s were s e p a r a t e l y made 
i n d i s t i l l e d w a t e r . The ho t l i g a n d s o l u t i o n was added 
t o t h e ho t m e t a l s a l t s o l u t i o n w i t h c o n t i n u o u s s t i r r i n g . 
The b lack s o l i d t h u s appeared was i s o l a t e d by t h e above 
ment ioned method . The complex foirmatlon r e a c t i o n i s 
g i v e n below. 
MCI + 3 K ' * " [ B ( S U C ) ^ ] ^ [ M { B ( S U C ) ^ ' L ] + 3KC1 . . ( 4 8 ) 
where M=Cr( I I I ) o r F e ( I I I ) . 
B i s [ t e t r a k i s ( s u c c i n i m i d y l ) b o r a t e J M n ( I I ) , 
C o ( I I ) , N i ( I I ) , C u ( I I ) , Z n ( I I ) , C d ( l l ) o r H g ( I I ) ; 
A m i x t u r e of aqueous l i g a n d s o l u t i o n (2.4 
mmol) and an aqueous s o l u t i o n of m e t a l c h l o r i d e ( 1 . 2 
mmol) was h e a t e d on a w a t e r b a t h f o r about t h r e e h o u r s . 
The r e s u l t i n g b l a c k p r o d u c t was f i l t e r e d o f f , washed 
r e p e a t e d l y w i t h w a t e r and e t h y l a l c o h o l and was 
f i n a l l y d r i e d i n a vacuum d e s i c c a t o r ove r ca l c ium 
c h l o i - i d e . The r e a c t i o n may be r e p r e s e n t e d a s : 
MCl2+2K*[B(suc)4 ] » [ M { B ( S U C ) ^ 1 1 + 2KC1 . . (49) 
where-M=Mn(II ) , C o ( I I ) , N i ( I I ) , C u ( I I ) , 2 n ( I I ) , Cd( I I ) 
o r Hg ( I I ) . 
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RESULTS AND DISCUSSION 
The r e s u l t s of the e lementa l ana lyses of 
Dihydrob i s - , h y d r o t r i s - and t e t r a k i s ( s u c c i n i m i d y l ) 
bo ra t e complexes and t h e i r pe rcen t y i e ld have been 
summarized in Tables 15-17o The r e l e v a n t f requenc ies 
observed in the in f r a red spec t r a are t abu l a t ed (Tables 
18-2C). The magnetic moment da t a and the p o s i t i o n s 
as well as the assignments of the bands observed in 
the e l e c t r o n i c spec t r a and the l igand f i e l d parameters 
as 10 Dq, B and ^ va lues have been t a b u l a t e d ( T a b l e s 21-
23) . 
The r e s u l t s of the e lementa l ana lyses suggest 
t h a t the complexes of d ihyd rob i s l igand are formed in 
1 :1 and i :2 metal : l igand molar r a t i o s r e s u l t i n g in 
the s to ich iomet ry as MLX and ML X(where X=halogen) for 
the complexes of d i v a l e n t and t r i v a l e n t t r a n s i t i o n 
metal i o n s , r e s p e c t i v e l y , whereas , the complexes of 
Z n ( I I ) , Cd( i i ) and Hg(II) ions are formed in 1:2 
meta l : l lgand molar r a t i o leading to ML, s to i ch iome t ry . 
However^ the comiplexes of h y d r o t r i s - and t e t r a k i s -
l igands have a 1 :2 and i :3 metal : l igan molar r a t i o s 
wi th d i v a l e n t and t r i v a l e n t meta l i o n s , r e s p e c t i v e l y . 
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All these comi^lexes were insoluble in usual 
aprotic as well as protic organic solvents, consequen-
tly, the molecular weight and molar conductance values 
could not be determined., The complexes remained un-
changed upto a temperature as high as 360 C, suggesting 
these to be oligomeric in nature. These compounds have 
been further characterized analysing the positions of 
the characteristic vibrations with a view to investiga-
ting the mode of bonding and the active coordination 
sites. 
It has been reported that the coordination 
through carbonyl oxygen would reduce the double bond 
character between carbon and oxygen, causing a decrease 
in carbonyl stretching frequency. It is^evident that 
in all the complexes C=0 stretching frequency is consi-
derably negatively shifted. There is no considerable 
change in the positions of the B-N and C-N band fre-
quencies after complexation. One might expect a nega-
tive shift in B-N and C-N stretching frequencies if the 
imido nitrogen had been involved in coordination similar 
to that reported for transition metal complexes of 
indazolyl-, Iniiclazolyl borates and their substituted 
45-4 8 borates . The B-H band frequency also remains 
131 
unaffected in the complexes. These o b s e r v a t i o n s , 
t h e r e f o r e , r u l e out any p o s s i b i l i t y of coord ina t ion 
through n i t rogen atom in these complexes. Furthermore, 
the coord ina t ion through carbonyl oxygen atoms has 
been supported by the presence of a weak band in 375-
3iO cm~ reg ion , a s s ignab le t o V M-0 v i b r a t i o n . 
The geometry of t r a n s i t i o n metal comijlexes 
of p o l y ( s u c c i n i m l d y l ) b o r a t e s has been f i n a l l y confirmed 
using the magnetic moments d a t a and the l igand f i e ld 
t r a n s i t i o n s and pa rame te r s , eva lua ted from t h e i r e l e c t r o -
nic s p e c t r a . 
[P ihydrob i s ( succ in imidy l )bora to 3 C r ( I I I ) , Fe ( I I I ) , 
Mn( I I ) , C o ( I I ) , N i ( I I ) and Cu(II) : 
The observed magnetic moment of the C r ( l l l ) 
complex i s 3.77 B .M . which i n d i c a t e s the p o s s i b i l i t y 
of an oc t ahedra l s t r u c t u r e of the molecule . The magni-
tude i s , however, somewhat lower from the expected 
12 3 va lue , which might be due to the o l igomer ic na ture 
of the complex. The o l igomer i za t i on may cause the 
i n t r amolecu la r antiferromagnetic exchange through the 
l igand bridging» The e x i s t e n c e of such i n t e r a c t i o n 
i s not uncommon for the C r ( I I I ) complex having o l igo-
meric natureo The geometry has been f u r t h e r confirmed 
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from the observed l igand f i e l d bands a t 2308 and 
18.2 k.K. in i t s e l e c t r o n i c spectrum, which may 
4 4 
r e a d i l y be ass igned to T^ (F) ^ A (F) and 
4 4 
T (F) < A^  (F) t r a n s i t i o n s , r e s p e c t i v e l y , 1 2 1 c h a r a c t e r i s t i c of the oc t ahed ra l environment 
around the C r ( I I I ) ion . The observed 1:2 me ta l : l i gand 
molar r a t i o g iv ing the ML^ X s to ich iomet ry of the comp-
lex could y i e ld an oc tahedra l s t r u c t u r e only through 
halogen br idging in a o l igomer ic oc t ahedra l fashion 
as shown in Figure XXIII i n which the halogen atom 
of each u n i t i s ac t ing as a b r i d g e . The l igand f i e l d 
parameters 10 Dq, B and ig , eva lua ted using Tanabe -
Sugano diagrame are 18,182 cm" ' , 742 cm' ' and 0.72 j 
r e s p e c t i v e l y . 
The observed magnetic moment of Fe(III) 
complex indicates the high spin octahedral nature of 
the complex. In this case too the observed// ^^ value 
is slightly lower from the theoretically expected 
value, indicating a similar octahedral oligomeric 
structure involving halogen bridging as shown in 
Figure XXIII for the Cr(III) complex. The observed 
ligand field bands at 2 3.2 and 17.8 k.K. may be 
assigned to "^ T^  (G) < ^A^ and "^ T^  (G)<r ^A^ 
^ 2g' ' 1g 1g 1g 
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t r a n s i t i o n s , r e s p e c t i v e l y , c h a r a c t e r i s t i c of t h e 
o c t a h e d r a l n a t u r e of t h e complex^ The m a g n i t u d e s of 
10 Dq, B and jB a r e 17,857 cm"' ' , 744 cm~ "• and 0 . 7 0 , 
r e s p e c t i v e l y . 
The obse rved m a g n e t i c moment of Mn( I l ) 
complex (4.44 B ,M .) i s c o n s i d e r a b l y lov/er from t h e 
1 2 3 t h e o r e t i c a l l y e x p e c t e d sp in o n l y v a l u e (5.92 B . M . ) . 
I t has been r e p o r t e d f o r a few compounds of d i v a l e n t 
manganese with Schiff's bases that the magnetic moment 
value ranges from 4.74-5.7 B .M . at room temperature. 
It has been reported that unless the compounds are not 
magnetically dilute no obvious explanation for a 
lowering of the magnetic moment could be given. However, 
in the present complex the value is even lower which 
might only be due to the antiferromagnetic exchange 
occuring in the complex through ligand bridging due 
to its oligomeric nature. The position of the bands 
observed in the electronic spectrum of the complex at 
22.7 and 19.2 k.K. assigned to T_ (G) < ^A, and 
2g 1g 
4 6 T (G) < A transitions, respectively, may 1 g I g 
reasonably be attributed to the octahedral environment 
12 1 
around the Mn(Il) ion . The strxicture of the complex 
is shown in Figure XXIV in which from each ligand two 
138 
oxygen atoms of the carbonyl groups are coordinated 
to one manganese ion and another set of carbonyl 
oxygens to the adjacent manganese ion consequently, 
completing the square plane. The other two positions 
of the octahedral are satisfied similarly by coordina-
tion with a bridging array of chlorine atoms above and 
below the plane. The values 7,764 ,776 cm"'' and 0.80 have 
been evaluated as lOD, B andyS respectively, for this 
complex. 
The magnetic moment of Co(II) complex is 
2.90 B .M. which is close to the expected magnetic 
1 4 3 
moment of 2,92 B .M . for the square planar geometry 
Hov/ever, the electronic spectrum exhibits bands at 18.5 
and 10.4 k.K. attributable to the transitions 
^A,^(F) < ^T^g(F) and % ^ ( F ) < ^T^g^^)' 
1 2 1 
respectively, characteristic of an octahedral array 
of ligands around the Co(II) ion. It is, therefore, 
apparent that while the square planar geometry could 
not be ruled out it seems very likely that the complex 
has the octahedral structure. The lovyering of the 
magnetic moment to such an extent may reasonably be due 
to the oligomeric nature of the complex as shown in 
Figure XXIV. The magnitudes of ligand field parameters 
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c a l c u l a t e d from the observed t r a n s i t i o n s are 10,016 
cm , 771 cm ' and 0<,68 , r e s p e c t i v e l y . 
The e l e c t r o n i c spectrum of Ni ( I I ) complex 
shows l igand f i e l d bands c h a r a c t e r i s t i c of oc t ahed ra l 
s t r u c t u r e around the Ni ( I I ) i o n . I t e x h i b i t s two bands 
a t 23.3 and 13.5 k.K. c h a r a c t e r i s t i c of ^T (P) < 
'^ A (F) and T (F) « ^A„ (F) t r a n s i t i o n s , r e spec-
t i v e l y . The oc t ahedra l s t r u c t u r e of t he complex seems 
c o n s i s t e n t wi th the observed magnetic moment value 2.92 
B .M . The s t r u c t u r e of the complex may be represen ted 
as shown above in Figure XXIV. The va lues 8,255 cm"' , 
-1 750 cm and 0.69 are obta ined for 10 Dq, B and ^ , 
r e s p e c t i v e l y . 
The observed magnetic moment of 1.60 B ,M. 
for Cu( l l ) complex may reasonably be assigned t o a 
square p l ana r s t r u c t u r e for the complex. I t has been 
144 
repor ted by Ray and Sen t h a t the four coord ina te 
copper complexes may be divided i n t o two groups on the 
b a s i s of t h e i r magnetic moments. The f i r s t group has 
the magnetic moment as 1.7-1,9 B .M . and the second as 
1.9-2.2 B .M . The former i s the c h a r a c t e r i s t i c of 
squa re -p l ana r geometry, whereas, the l a t t e r corresponds 
t o a t e t r a h e d r a l c o n f i g u r a t i o n . I t has been emiDhasized 
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1 4 1 by G. Narain t h a t the t e t r a h e d r a l con f igu ra t ion 
wi th Sp^ h y b r i d i z a t i o n should be composed of e i t h e r 
wholly ion ic or weakly cova len t bonds and the magnetic 
moment 1.9-2.2 B .M . should be due to the g r e a t e r quen-
ching e f f ec t of the more unsymnetr ica l f i e l d of the 
a t tached g roups . The square -p lana r geometry of the 
p r e s e n t d i h y d r o b i s ( s u c c i n i m i d y l ) b o r a t e Cu(lT) complex 
has been f u r t h e r confirmed on the b a s i s of the observed 
bands in the l igand f i e l d spectrxom of the so l id complex. 
The spectrum c o n s i s t s of weak bands observed a t 17.8 and 
2 2 2 
15.4 k.K. ass igned to B2 < B. and A. < 
2 
B transitions, respectively, with a weak broad hump 
1 2 1 
at 12«5 k.K. characteristic of square-planar geometry 
9 / 
for the d systemo The observedyC(^^ value of 1,60 B .M., 
however, suggests an antiferromagnetic interaction in 
the complex through chlorine bridges. A dimeric struc-
ture as shown in Figure XXV is proposed for this complexo 
[Hydrotrjs(succinimidyl)borate 3cr(IJl), Fe(III), 
Mn(II), Co(II), Ni(II) and Cu(II): 
The observed magnetic moment of Cr(ITI) 
complex is 3.79 B.M. which is comparabJe with the value 
reported ^ for octahedrally coordinated Cr(III) 
complexes 0 The electronic spectrum of this complex 
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shov/s two bands a t 36.3 koK. and 24 .09 k.Ko The p o s i -
t i o n of t h e s e bands s u g g e s t s an o c t a h e d r a l geomet ry f o r 
4 
t h e complex and t h e s e bands a r e a s s i g n e d t o T (P) < '• 
4 4 4 
A2f (F) and T^ (F) < ^n^^'^ t r a n s i t i o n s , r e s p e c t -
i v e l y <> The p a r a m e t e r s 10 Dq (17 ,138 c m " ^ ) , B (902 cm~^) 
and ^ (0«87) have been c a l c u l a t e d u s ing Tanabe-Sugano 
d i ag r am « 
The m a g n e t i c moment v a l u e (5 .,53 B .M .) of F e ( I I I ) 
complex i s somewhat lower t h a n t h e t h e o r e t i c a l l y c a l c u -
1 2 3 l a t e d one f o r o c t a h e d r a l F e ( I I I ) complex . However, 
t h e e l e c t r o n i c spec t rum of t h i s complex e x h i b i t s two 
bands a t 2 3 . 2 5 and 20 .0 k.Ko due t o T» (G) < ^A, 
2g ^ 1g 
and T^ (G) ) < A^  transitions, respectively, 
1g 1g ' i' J » 
c h a r a c t e r i s t i c of o c t a h e d r a l g e o m e t r y . The spect rum a l s o 
shows c h a r g e t r a n s f e r band a t 4 0 . 0 k .K . The v a l u e s of 
*-1 ~ 1 
10 Dq, B and yg come o u t t o be 13,84 5 cm , 92 3 cm and 
0 . 8 7 J r e s p e c t i v e l y . The o c t a h e d r a l s t r u c t u r e f o r t h e 
above t r i v a l e n t m e t a l i o n s i s shown i n F i g u r e XXVI, 
Being s p i n and symmetry f o r b i d d e n , t h e d-d 
t r a n s i t i o n s of t h e Mn( l l ) complex have low i n t e n s i t y . 
The band a t 22o72 k.K, i s a s s i g n e d t o T„ (G) ^ ^A^ 
^ 2g ' ' ^ 1g 
4 6 
and that at 19»23 k.K, to T. (G) < A. transition, 1g 1g 
c h a r a c t e r i s t i c of o c t a h e d r a l a r r a n g e m e n t of l i g a n d s . 
The m a g n i t u d e s of 1 0 Dq (9,672 cm~^ ) , B(800 cm""^) and 
145 
F i g u r e XXVI, whereM= C r ( I I I ) o r F e ( I I I ) . 
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^ (0.83) have been calculated from these transitions^ 
However, the// ^^ value (5o23 B.M.) is considerably 
lower than the expected value (5,92 B.M.) for an octa-
hedral environment around this ion, which might be due 
to the antiferromagnetic interaction in the molecule. 
The observed magnetic moment (4.64 B.M.) of 
Co(II) complex is within the range normally expected 
for an octahedrally coordinated Co(II) compolex. The 
electronic spectrum of octahedral Co(II) complex is 
reported^ to exhibit three bands characteristic of 
4 4 T 
the spin allowed transitions T2 (F) < T (F)( V^), 
^A2g(F) < ^T^g(F)(M2) and \^^(P) < ^ ^ ( F ) 
( V ^ ) a t a r o u n d 8 . 0 0 , 1 9 . 6 0 and 2 1 . 6 0 k « K . , r e s p e c t i v e l y . 
The i n t e n s i t y of V o band i s u s u a l l y l o w e r b e i n g quantiom 
1 2? 
m e c h a n i c a l l y f o r b i d d e n a s i t i n v o l v e s two e l e c t r o n jump 
I n t h e p r e s e n t c o m p l e x b a n d s a t 2 0 . 0 0 k.Ko ( V2 ) ^""^ 2 2 . 7 2 
k.Ko ( Vg) h a v e b e e n o b s e r v e d , V ^ band c o u l d n o t be 
r e c o r d e d a s i t was beyond t h e r a n g e of o u r i n s t r u m e n t . 
V2 However, its position is calculated using the ratio ., 
12? 2.1, characteristic ' of the octahedral Co(II) complexes. 
The ligand field parameters have been evaluated with the 
help of the following equations which have already been 
discussed in Chapter II, 
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10 Dq = ^[(2 V^ - •V3) + (-V3 +V^ V3 -^?i )*J ••• (1) 
B = [V3 - 2 V^ + 10 Dq] /15 c . c (2 ) 
The electronic spectrum of Ni(II) complex 
shows two bands at 2 5,6 and 15.1 k.K. arising from 
^T^g(P) < ^^2g^^^ "^"^  ^"^ig^^^ "^  ^^2g^^^ transi-
tions, respectively, characteristic of an octahedral 
arrangement around the central metal ion« The octahe-
dral structure has been further substantiated by the 
observed/^ value of 2o72 B .M , which is very close to 
' ef f 
t h e e x p e c t e d r a n g e ( 2 . 8 0 - 3 . 5 0 ) f o r o c t a h e d r a l geometry 
of N i ( I I ) i o n . The v a l u e s f o r 10 Dq, B and yS a r e 9 ,380 
-1 "1 
cm , 947 cm and 0.91 , r e s p e c t i v e l y . The o c t a h e d r a l 
s t r u c t u r e f o r t h e s e d i v a l e n t i o n s i s r e p r e s e n t e d by 
F i g u r e XXVII. 
The obse rved magne t i c moment (2,2 0 B .M.) of 
C u ( I I ) complex i s e x a c t l y t h e same as t h a t e x p e c t e d f o r 
a t e t r a h e d r a l geomet ry around t h i s i o n . However, t h e 
e l e c t r o n i c spec t rum shows two bands a t 17 ,85 and 16.2 
2 2 2 2 k .K. due t o B^ < B, and A^ < B, t r a n s i -2g 1g 1g 1g 
t i o n s , r e s p e c t i v e l y , c h a r a c t e r i s t i c of s q u a r e - p l a n a r 
geomet ry f o r C u ( I I ) complexo A s q u a r e - p l a n a r s t r u c t u r e 
h a s been t e n t a t i v e l y p roposed f o r t h i s complex . 
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[ T e t r a k l s ( s u c c l n l m i d y l ) b o r a t o ] C r ( I I I ) , Mn ( I I ) , 
F e ( I I I ) , C o ( I I ) , N l ( I l ) and Cu(II ) : 
The observed magnetic moment va lues of C r ( I l I ) 
and F e ( I I I ) complexes (3.76 and 5,70 B.M.) are sugges-
t i v e of an o c t a h e d r a l s t r u c t u r e for t h e s e i o n s . This 
geometry has been f u r t h e r supported by the presence of 
e l e c t r o n i c bands c h a r a c t e r i s t i c of an o c t a h e d r a l ar range-
ment of l i gands around these ions (Table-25) . The magni-
tudes of l igand f i e l d pa ramete r s 10 Dq, B and ^ have been 
-1 **1 
eva lua ted as 17,298 cm , 961 cm and 0.93 r e s p e c t i v e l y 
for C r ( I l l ) complex, while fo r F e ( I I I ) complex the va lues 
a re 12, 930 cm" \ 862 cm"' and 0 . 8 1 j r e s p e c t i v e l y . 
The e l e c t r o n i c s p e c t r i n of Mn(II) complex 
e x h i b i t s bands a t 27 ,77 , 25.31 and 21,73 k.K. a r i s i ng 
from "^ T^  (D) ^  ^A, , "^ A, (G) ^  ^A. and 
2g 1 g ' 1Q 19 
4 ^ 
T^ (G) -^  A transitions, respectively. A band 
z g I y 
observed a t 41,66 X.K. has been assigned to charge 
t r a n s f e r . The observed s p e c t r a l bands thus suggest an 
oc t ahed ra l s t rvic ture for t h i s complex. However, the A/ ^r 
value (4.69 B .M „) i s cons ide rab ly lower than the theore -
t i c a l l y expected va lue for o c t a h e d r a l l y coordinated Mn(II) 
comx^lexes. This lowering might be due t o the a n t i f e r r o -
magnetic exchange. From the observed t r a n s i t i o n s the 
151 
l i g a n d f i e l d p a r a m e t e r s have been c a l c u l a t e d a s 9,252 
cm , 771 cjn ' and 0 . 8 0 , r e s p e c t i v e l y » 
The Lief f v a l u e s f o r Co ( I I ) and N i ( I I ) complex 
( 4 . 7 8 and 2 .92 B .M .) a r e w i t h i n t h e r a n g e n o r m a l l y 
e x p e c t e d f o r an o c t a h e d r a l env i ronmen t of l i g a n d s around 
t h e c e n t r a l m e t a l ionfi . The e l e c t r o n i c spec t rum of 
Co ( I I ) complex e x h i b i t s bands a t 22.2 and 19 .2 k.K. 
a s s i g n a b l e t o ' ^ T (P) < ' ^ i g^^^^"^2^ ^ " ^ ^2g^^^ 
4 
< T (F)(Vo) transitions, respectively, and that 
1 g >j 
of Mi ( I I ) c o m p l e x a t 1 5 . 6 2 k . K . d u e t o "^ T^ (F) ^ 
1g 
A^ (F) t r a n s i t i o n , c h a r a c t e r i s t i c of an o c t a h e d r a l 2g 
g e o m e t r y a r o u n d t h e s e i o n s . The b a n d s o b s e r v e d a t 4 4 . 4 
and 4 2 . 0 k.K<. i n t h e e l e c t r o n i c s p e c t r a of Co ( I I ) and 
N i ( I I ) c o m p l e x e s , r e s p e c t i v e l y , a r e a t t r i b u t e d t o c h a r g e 
t r a n s f e r e x c i t a t i o n s . The l i g a n d , f i e l d p a r a m e t e r s f o r 
C o ( I I ) c o m p l e x o b t a i n e d by u s i n g t h e e x p r e s s i o n s g i v e n 
~ 1 - 1 
by e q u a t i o n s (1) and (2) a r e 1 0 , 4 2 0 cm and 955 cm 
and 0 . 8 5 f o r 10 Dq, B and yQ , r e s p e c t i v e l y . 
A s q u a r e - p l a n a r g e o m e t r y h a s b e e n s u g g e s t e d 
f o r t h e C u ( I I ) c o m p l e x on t h e b a s i s o f t h e o b s e r v e d 
m a g n e t i c moment v a l u e ( 2 . 0 4 B .M . ) and a band a t 1 7 . 2 4 
k . K . w i t h a weak b r o a d hump a t a r o u n d 1 1 , 6 3 k . K . i n t h e 
e l e c t r o n i c s p e c t r i i m a s s i g n a b l e t o ^B ^ 2g j^^ j^ 
2g^= 1g 
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2 2 121 
T„ < E transitions, respectively 
2g g t^ J 
A tetrahedral geometry has been tentatively 
proposed fox the complexes of 2n(II), Cd(ii) and Hg(Il) 
with the correspondirjg (succinimidyl) borates, on the 
basis of their observed stoichiometry and IR spectral 
studies, since tetrahedral geometry is a more prefered 
140 structure for these metal ions 
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CHAPTER - VII 
SYNTHESES AND CHARACTERIZATION OF 
POTASSIUM DIHYDROBIS", HYDROTRIS-
AND TETRAKIS(IMINODIACETIC ACIDYL) 
BORATES 
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Introduction 
The applicability of the amino compounds is of 
a fairly wide range which includes biological, pharmaceu-
tical, industria] and other chemical uses„ In addition 
they are also quite wellknown for their coniplexing 
14 5 tendencies 
Iminodiacetic acid is closely related to the 
aminoacid glycine. Various mixed ligand comi^lexes with 
iminodiacetic acid as the primary ligand have been 
-145 147 
studied * , There have been some potentiometric 
studies of the complexes of iminodiacetic acid with 
1 4 g -149 
metal ions * . In its aqueous solution the existence 
1 50 
of six possible different species have been proposed , 
the interccnversion of these species in such solution 
has been elaborated by carrying out the infrared spectro-
scopic studies as a function of the pH of the solutiono 
However, there is no report til] now for the boron sub-
stituted iminodiacetic acid derived from the tetrahydro-
borate moiety which is likely to be biologically active. 
The ligands potassi\am dihydrobis-, -hydrotris-
and -tetrakis(iminodiacetic acidyl)torates have been 
prepared and characterized on the basis of the elemental 
analyses, molar conductance and molecular weight deter-
minations and infrared spectral studies. 
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Analyses and physical Measurements 
Carbon, hydrogen and nitrogen analyses were 
obtained microanalytically„ The molecular weight 
determinations were done using viscosity measurements 
in methanol by using Ostwald's viscometer. The molar 
conductance of 1x10 M^ solution of all the three ligands 
in methanol were measured at room temperature using the 
"Systronics" conductivity bridge. The infrared spectra 
»-I 
(4000-eCO cm ') were recorded in KBr on a SP3-1C0 Pye 
Unicam spectrophotometer« 
>ia te r i a l s 
Iminodiace t ic acid(SlSCO, d 235-240°C) was 
used a f t e r r e c r y s t a l l i z a t i o n twice from d i s t i l l e d water . 
Potassium borohydride(BDH , England) was used as r ece ived . 
P repa ra t ion of Potassium Dihydrob i s ( iminod iace t i c ac idyl ) 
Bora te . 
The mixture of potassium borohyl r ide 0,406 g 
(7.5 mmol) and iminod iace t i c a c i d , 2.0 g (15 .0 mmol) in 
a 1 :2 molar r a t i o was ground t o a f ine powder and r e -
fluxed in DMSO (50 ml) for about twelve hours u n t i l l a l l 
t he c a l c u l a t e d ( e q u i v a l e n t of two moles) hydrogen gas 
was evolved, using a r e f lux ing s e t connected t o an 
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assembly for collecting the hydrogen via the reflux 
condenser. The reaction mixture was cooled down to 
room temperature, whereupon a white solid was obtained 
which was filtered off and washed with ethyl alcohol 
and finally dried in a desiccator over calcium chloride. 
It decomposed without melting at 270-275°C. The yield 
was about 10%. 
^^^P^^^tion of Potassiiim Hydrotris (iminodiacetic acidyl) 
Borate. 
For the preparation of this borate, potassium 
borohydride and iminodiacetic acid were taken in a 1 :3 
molar ratio and the mixture was refluxed with DMSO(50 ml) 
for about twenty hours. After the evolution of all the 
calculated (equivalent of three moles) hydrogen gas, 
the reaction mixture was cooled down to room temperature. 
The white product thus obtained was isolated in the 
manner described aboveo It decomposed at 345-350°C« 
The yield was about 72,^ 0^ 
Preparation of Potassium Tetrakis (iminodiacetic acidyl) 
Borate. 
It was Synthesized by the similar method 
described for the corresponding dihydrobis and hydrotris 
borates. The difference is only in the ratio of the 
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r e a c t a n t s and the requi red r e f lux ing time« A 1:4 molar 
r a t i o of potassium borohydride and im inod i ace t i c acid 
was ref luxed for about t h i r t y hours» In t h i s case the 
gas c o l l e c t e d was almost equal t o the c a l c u l a t e d , 
e q u i v a l e n t of the four moles of hydrogen g a s . After 
completion of the r e a c t i o n a white compound appeared, 
which was f i l t e r e d off, washed r e p e a t e d l y wi th ethanol 
and was f i n a l l y d r i ed in vacuo. This so l id decomposed, 
wi thout mel t ing a t 280-290°C. The y ie ld was about 68?^. 
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C h a r a c t e r i z a t i o n of Potassium Dihydrobis-a-Kydrotris-
and - T e t r a k i s ( i m i n o d i a c e t i c a c i d y l ) B o r a t e s ; 
The formation of these bo ra t e s has been 
a sce r t a ined by measuring the volume of hydrogen gas 
evolved dur ing the course of t h e i r s y n t h e s i s , a f t e r the 
following r e a c t i o n : 
2 (CH^ COOH ) 2 NH + KBH^ » K*[ (CgH^ ^ N^ BOg) ] ^^ 2U^ (50) 
3 (CH2COOH)2NH + KBH^ > K* [(C^ ^H^ ^N^BO^^)] + SH^ (^^ ) 
4 ( C H ^ C O O F O ^ N H + KBH^ ^ K"^ [(C^ ^H^^N^ BO^ ^  ) ] + 4H2 (^2 ) 
The s t o i c h i o m e t r i e s of r e s p e c t i v e b o r a t e s h a v e 
b e e n e s t a b l i s h e d on t h e b a s i s of e l e m e n t a l a n a l y s e s 
and by t h e d e t e r m i n a t i o n of t h e i i ' m o l e c u l a r w e i g h t s 
( T a b l e - 2 4 ) . The m o l a r c o n d u c t a n c e v a l u e s showed u n i v a -
l e n t n a t u r e of t h e s e c o m p o u n d s ( T a b l e - 2 4 ) . 
T h e s e compounds w e r e f i n a l l y c h a r a c t e r i z e d by 
a n a l y s i n g t h e i r i n f r a r e d s p e c t r a » The r e l e v a n t f r e q u -
e n c i e s o b s e r v e d i n t h e IR s p e c t r a of t h e s e b o r a t e s a r e 
t a b u l a t e d i n T a b l e - 2 5 . I n t h e IR s p e c t r a of t h e c o r r e s -
p o n d i n g b o r a t e s , a b s e n c e of any band i n t h e 3 4 0 0 - 3 3 0 0 cm 
r e g i o n r u l e s o u t t h e p r e s e n c e of N-K bond i n t h e s e 
m o l e c u l e s , s u g g e s t i n g t h a t t h e i m i n o h y d r o g e n h a s been 
r e p l a c e d c The o t h e r m o s t c h a r a c t e r i s t i c and e a s i l y 
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i d e n t i f i a b l e bands are s t r e t c h i n g f requenc ies of B-N 
and B-H bonds. The presence of a s t rong band between 
1380-1345 cm region i n d i c a t e s the formation of new 
110 B-N bonds in these compoundSo The appearance of a 
** 1 broad and weak band in 2360-2320 cm reg ion( looking 
l i k e a not too wel l resolved d o u b l e t ) , c h a r a c t e r i s t i c 
of B-H s t r e t c h i n g frequency ' in the spectrum of 
d ihydrob i s bora te shov/s the presence of BH_ group, while 
a s ing le weak band at 2410 cm i n d i c a t e s the presence 
of a B-H u n i t in the potassium h y d r o t r i s ( i m i n o d i a c e t i c 
a c i d y l ) b o r a t e . However, the absence of any peak in 
t h i s region in the spec t ra of t e t r a k i s bora te confirms 
the absence of B-H group in the molecule . The ionized 
V coo" band which u sua l l y occurs a t 1620-1580 cm"'' 
i s absent but a peak found a t 1715-1740 cm" has been 
ascr ibed t o V COOH group. This observa t ion I n d i c a t e s 
the presence of unchanged ca rboxy l i c groupSo The o ther 
c h a r a c t e r i s t i c v i b r a t i o n f requenc ies of iminod iace t i c 
acid appeared a t t h e i r app rop r i a t e p o s i t i o n s . 
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